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SPECIAL FEATURES 


AIRSCREW ANALYSIS 
THE 450 HP. FRIEDRICHSHAFEN BOMBER 
THE BENZ AND MERCEDES ENGINES COMPARED 
INTERNATIONAL AIRCRAFT STANDARDS 


PUBLISHED SEMI- MONTHLY 
THE GARDNER ,MOFFAT CO., Inc 
NEW YORK 


120 W 32n4 ST 
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CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


THE BURGESS COMPANY 


MARBLEHEAD, MASS. 











Sole Licensees for the United States for the Dunne Patents 
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The Hall-Scott A-5 Airplane Engine 


SIX CYLINDERS 125 HORSE POWER 


Hall-Scott “Big Six” Airplane Engines are to be found in active service in every part 
of the world today. 


Since the declaration of war in 1914, hundreds of these engines have been built for 
numerous foreign governments—the largest order being 300 for Russia. 


The exclusive Hall-Scott feature of interchangeability of parts is standard in this A-5 
Equipment. The cylinder assembly is interchangeable with the parts of the Hall- 
Scott 4, 8 and 12 cylinder engines. Recent development in airplane engines has 
fully demonstrated the practicability of this construction. 


While the Hall-Scott Motor Car Company is devoting its entire energies to the con- 
struction of airplane engines of U. S. Government orders, a few of these Type A-5 
engines are available for immediate delivery. 


Descriptive catalog on request. 
Hall-Scott Motor Car Company 
CROCKER BUILDING, SAN FRANCISCO, CALIFORNIA 


Eastern Representative 


New York City 





F. P. WuitaKer, 165 Broadway, 
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MILITARY AIRPLANES 
SEAPLANES 


AIRPLANE PARTS 















We are in a position to devote part of our excellent facilities to quantity 





production of 


METAL FITTINGS 


SHEET METAL WORK 
and 


WOODEN PARTS 


for other airplane com panies. 


Investigation of our facilities solicited 








Des Lauriers Aircraft Corporation 


MAIN OFFICE AND FACTORY: NEW YORK OFFICE: 
Murray and Mulberry Sts. Woolworth Building 


Newark, N. J. New York City 
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Factories, Plainfield, N. J., Elizabeth, N. J. 
Executive offices, Woolworth Bldg. 
New York City 


STANDARD 
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LEWIS & VOUGHT CORPORATION 
WEBSTER AND 7th AVENUES, 
LONG ISLAND CITY, N. Y. 
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DEMONSTRATING STRENGTH OF LWF FUSELAGE 


‘L‘W:F-ENGINEERING-COMPANY: 
COLLEGE POINT, N. Y. 
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2*/o POUNDS PER HORSE POWER 


We announce our latest airplane engine 
Model 5A-4%, 8 cylinder 
Equipped with Sturtevant Thermostat 
for control of temperature 
And Sturtevant Automatic Altitude Compensating 
Attachment for carburetor 





HORSEPOWER 210 WEIGHT 508 POUNDS 


Deliveries can be made in three to four weeks. 























REG. U. 8. PAT. OFF. 


B. F. STURTEVANT COMPANY 


Hyde Park, Boston, Massachusetts 


Member of the Aircraft Manufacturers’ Association, Inc. 
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INCREASED 
Strength Simplicity Shock Absorption 


ACKERMAN WHEELS solve the 
problem of securing maximum landing 
gear efhiciency with minimum weight. 
The wheels absorb all shock before it 
reaches the axle and make air-resisting 
rubber shock absorbers unnecessary. 





Data on Ackerman equipment ts 





available for Designers and Engineers. 


The ACKERM/ 


ROCKEFELLER BURL: 
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WHE MODERN AIRPLANE 








DECREASED 
Weight Rebound Air Resistance 


Official laboratory tests and hundreds of 
flights prove that Ackerman equipment 
means longer service for the airplane 
through the elimination of structural 
weaknesses inherent in ordinary wheels or 
landing gear. 


Wheels built for any weight ma- 
chine from five hundred pounds up. 


IAHEEL COMPANY 


BUIBLAND, OHIO 
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We also manufacture 


ALUMINUM INGOTS, PURE AND 
ALLOYS, RODS, GRANULES, 
ALUMINUM SOLDER, GUARAN- 
TEED TO GIVE SATISFACTION. 
BABBITT METAL — SOLDER — 
PIG METALS. 





Shipments prompt—Prices low 


Quality Right 
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The J. G White 


Engineering Corporation 










Designers Engineers 









Contractors 










Perform all designing, engineering and 
construction work in connection with aero- 
plane factories; aviation fields; also other 
industrial properties and public utilities. 














Engineering investigations and_ reports 
made with recommendations covering 
every detail of design and construction. 












Purchase for clients apparatus, materials 
and supplies of every description, and 
make necessary inspections and arrange- 
ments for prompt shipment. 




















43 Exchange Place - New York 


LONDON CHICAGO 
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NEW 
ENDURANCE RECORD 







HMM A 





Established by 









Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory, 
Navy Yard, Washing- 
ton, D.C. 








Best previous record ex- 
ceeded by fifty per cent. 







MR 






UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND - - - CALIFORNIA 
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THE MOTO ~ ME 


LONG I SLAND cI 


Creators of Motor eee ZL 
Exclusive Licensee of Boyee Funda 
Patents 






































AVIATION 





Airplane Propeller Specialists 


Lh AA 


Propellers for airplanes, 
hydroairplanes, dirigibles, 
etc., desianed and built to 
the individual requirements 
of your power plant and 
type of machine. 





Inquiries solicited. 


A high percentage of the 
latest and most successful 
war machines on the various 
fronts are equipped with 
LANG PROPELLERS. 


Lang Propeller Company of America, Inc. 
New York Office s: $3 : Room 419, 30 East 42d Street 
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 Sealdaies are in. Continuous 
vice at Government Training § Schools. 
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TURNBUCKLES 


We Manufacture the Following Type Aeroplane Turnbuckles 


Standard Type 


No. 1 Female, Short A-1518 No. 2 Female, Long A-1520 
No. 1 Male, Short A-1522 No. 3 Male, Long A-1524 


Curtiss Type 








326 Short, Male 327 Long, Female 

326 Short, Female 327 Short, Female 

326 Long, Female 328 Long, Female 

327 Long, Male 329 Long, Female 
5 | 
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The Dayton Metal Products Company 


DAYTON, OHIO, U.S. A. 
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An Invisible ‘“‘Fighter’’ 


GURNEY radio-thrust bearings are im- 
portant factors in efficient aeroplane opera- 
tion. 

Invisible—they perform their duty of carry- 
ing both radial and thrust loads on a single 
row of balls. 

This means that one GURNEY BALL 
BEARING takes the place of two separate 
radial and thrust bearings. 

Write for particulars. 
GURNEY BALL BEARING CO. 
Conrad Patent Licensee 
JAMESTOWN N. Y. 
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Fortunately, the present 
crisis finds the Standard 
Parts Company ready to 
help you greatly in the 
rush demand for airplanes. 


We are able to ship im- 
mediately necessary parts 
for the construction of air- 
planes the government must 
have in a hurry. 


You can order from us 
at once such parts as: 


Steel Tubing 
Stabilizer Tubes 
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Airplane Parts! 


Immediate Delivery! 


Push Rod Tubes 

Tubing formed per B/P’s 
and straight tubing in di- 
ameters ranging from \%” 
to 2%”’, 14 gauge (.083’’) 
to 22 gauge (.028’’) 


Special Rod Assemblies 
Rims of all sizes to gov- 
ernment specifications 


Bearings 
Tire Rims 
Springs 
Forgings. 


For years we have 





made oval and ‘‘D’’ 
shaped tubing for the 
Curtiss Airplane Co. 


Let us help you make 
your estimates. 


Write us for information 
at once before you submit 
your bids for airplane con- 
struction. 


If you have already made 
a contract, wire or write us 
immediately and take ad- 
vantage of the instant ser- 
vice we can render you. 


The factories of this company have been among the foremost in the 
field of motor-driven vehicles since the earliest days of the industry. 
Our engineering department and our laboratories are among the 
most complete in the world. 


The Standard Parts Company, Cleveland, Ohio, U. S. A. 


Famous for Stanweld Rims, Tubing, etc., Perfection Springs, Bock Bearings, 


Axles, Perfection Heaters, Forgings, Hubs, etc., etc. 
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CUR TESS 


8 Cylinder 200 H. P. Airplane Engine 


Magnalite pistons have been used exclusively on Curtiss VX 
Motors since the earliest period of that motor’s production. 


The fact that the Curtiss Aeroplane & Motor Corporation con- . 
tinues to equip VX Motors with Magnalite pistons exclusively is 
further evidence of Magnalite superiority. 

Magnalite pistons are now used exclusively by sixteen of the : 
largest and highest grade manufacturers of airplane, messes and — 
marine engines. : 


We have prepared a special booklet on piston design which will 
be gladly mailed ape request. : 


WALKER M. LEVETT COMPANY 
417-419-421 East 23d Street New York 


Magnalite 
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CRANKSHAFT QUALITY 


Stands out as the one requirement today of the builder of 


AIRCRAFT AND HIGH DUTY ENGINES 


Experience only can produce a product to equal these demands. 












Wyman-Gordon Company for many years, in their Research, as well’as their Manu- 
facturing Departments, have been developing along the lines that make them’ today 
able, without experiment, to supply crankshafts of 


UNQUESTIONED RELIABILITY 


Every stage in the production of a Wyman-Gordon crankshaft is subjected to rigid 
inspection and tests guaranteeing a high metallurgical quality. 


Behind this perfect product is a perfect service. 


Prompt attention to all orders and deliveries without delay. 


WYMAN-GORDON COMPANY 


WORCESTER, MASS. 
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| AERONAUTIC PROGRESS 
The Sperry Gyroscope Company 


: ANNOUNCES 
3—NEW INSTRUMENTS—3 


AIR SPEED INDICATOR 
ALTIMETER 
| RATE OF CLIMB INDICATOR 





























The outcome of careful experiments by experienced aeronautic 
engineers who incorporated in these new _ instruments the 
ACCURACY and RELIABILITY that mark other Sperry apparatus. 


THE SPERRY GYROSCOPE COMPANY 


Manhattan Bridge Plaza BROOKLYN, N. Y. 


PARIS LONDON 
126 RvE pE PRrovENCE 15 Victorta STREET, S. W. 
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permit us to take for aviation training 
immediately several more students on 
land and water machines. 

This offers an excellent opportunity 
for men to gain aviation training at 
old established schools where the best 
of instruction and a wide variety of 
types of aeroplanes, hydroaeroplanes 
and flying boats are available. 





= 
-_ 





Students will be accepted in order-of en- 
rollment. 


Hundreds of Curtiss trained men are flying 
and teaching today in the United States 
Army and United States Navy and abroad. 
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For full information wire or apply 


ot 
hul 


Curtiss Aviation School, ~ 


cro 


Miami, Florida 1 
Wi 


or ty 


Atlantic Coast Aeronautical Station, 
Newport News, Va. of 


con 


but 


f rs 
. 4), es A . . 
" uv ay JS t 4 


ais Se “al. the 


al 


unifc 


( 
theo: 

—J 
“Tree EREeeeeeeeeeeeeeee eee eeee eee eee eee e 




















error 
pelle 
















D MOFFAT 


AN 


AERONAUTICAL ENGINEERING 


TREASURER 


ROBERT BROWN 


ECRETARY 


ALEXANDER KLEMIN 


TECHNICAL EDITOR 


H. M. WILLIAMS 


MANAGING EDITOR 


D 


GEORGE NEWBOLD 


BUSINESS MANAGER 





—— 


Vol. Il 


7" 


Airserew 
By A. F. 


Introduction 
Scope. In a mathematical estimate of the merits of an air- 
screw it is customary to make, (1) an aerodynamic analysis; 


(2) a stress analysis; the first to determine the performance, 


the second the structural safety. 
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Fig 1. SLADE DIMENSIONS 


PROPELLER 


Basic Data for Airscrew Analysis. Most airserews consist 
of one or more blades secured to, or integral with, a central 
hub designed to be carried by a shaft rotating about an axis 
and moving along it. From hub to tip the blade varies in 
cross-sectional form, size and incidence. These three elements 
are usually planned to ensure the greatest efficiency consistent 
with structural safety and adequate thrust. Basie data for a 
typical airscrew are given in Figs. 1 and 2. 


Aerodynamic Analysis 


Velocity and Air Force at Any Blade Section.—Each point 
of an airscrew blade describes a helical path whose piteh is 
constant when the speeds of rotation and translation bear a 
fixed ratio. The path is usually referred not to fixed space 
but to the general mass of approaching air, since this itself 
may be in translation. Fig. 3 shows how to find graphically 
the helix angle A, the incidence i, and resultant velocity V, 
at any point of a blade whose peripheral and forward veloci- 
a. 

‘ a is here assumed that the air approaches the screw plane normally with 
— velocity V. A slight correction for this assumption must be made. No 
Perfectly adequate formula is available for this correction. Riach proposes a 


theoretical formula assuming V normal to the screw plane and increasing in velocity. 
ourn. Aeron. Soc. Gt. Brit., March 21, 1917. 


a The effect of air viscosit, and compressibility are here ignored. 
pelle: thereby ensues. See J. C. Hunsaker, Theory of Similitude o 
ers; also Edgar Buckingham, Physical Similarity. 


No material 
f Aerial Pro- 
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Analysis 


Zahm 


ties, referred to the general alr mass, are given.° 
ly A, i, and V are computed by the formulas: 
tank BO: et Te Sass Sia ie bh ee we ok 
V = (V2 + 4?r?N2) /?.. 2... 
i=B-A 


Analytical- 


is the translational, V the rotational 
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2 —AERONAUTICAL DATA AND BLADE SECTIONS 


radial distance of the moving point, and B the blade angle 
at r. 
The unit air force at any section with speed V, may be found 
in magnitude very approximately by the formula 
PRE Fe (3) 
which ¢ is the density, KX is the air foree per unit surface 
at unit speed for an aerofoil having the form and incidence 
of said section and moving in air of unit density. + The diree- 
tion of R in terms of the incidence is commonly known from 
aerofoil experiments. Otherwise the unit lift and drift are 
computed, and thence the resultant foree. The unit lift is 
LeV~; the drift is Del"; their ratio, D/L = tan—G, gives the 
“cliding angle,” or direction of R referred to the lift.t 
It V be in miles per hour the lift and drift per square foot 
are .0051L1", and .0051D1", respectively. 

Thrust and Torque, Thrust Power and Torque Power.—The 
forward component F, of the air force in Fig. 3 is the unit 
thrust; the peripheral component R,, multiplied by the section 
radius is the unit torque. Multiplying these units by the blade 
width gives the thrust and torque per unit length of blade, as 
tabulated and plotted in Fig. 4; and integrating obviously 
gives the whole thrust and whole torque for the blade. From 


these are derived the thrust power and torque power, on multi- 


t Z and D are the absolute lift and drift coefficients, or the components of K 
taken respectively with and across the relative wind 
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repetitions of the computations already explained for a suc- 
cession of speeds, is laborious by the usual method, as here 
indicated, but easy and brief by the use of a suitable 
instrument. 

Propeller Computer.—Fig. 7 shows a kind of slide rule by 
which the thrust, efficiency, ete.—also various incidental prop- 
erties of a propeller blade—can be quickly derived. A trans- 


ving respectively by the forward and the rotational speed.* 
F For use with a propeller computer, to be described presently, 
the unit thrust is written 


Ry = .0051V .L. VsecGeos(A+G)..........(4) 


when 0051) is called the “ velocity factor”; VseeGeos(A+-G) 
the “ thrust factor.” Fig. 3 shows that this thrust factor times 
the lift on an element equals the unit thrust there. 

Efficiency. The efficiency of a propeller, or any part 
thereof, is the ratio of the useful to the total work in propul- 
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7980 Fic. 6.—ProPELLER THRUST, POWER AND EFFICIENCY FOR 
VARIOUS SPEEDS 
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sion; or the ratio of the thrust power to the torque power 
either for the whole or for the part in question. 

By a well known formula the efficiency of an elementary 
segment of the blade contained between two cylinders coaxial 
with the screw is 
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Fig. 7.—PROPELLER COMPUTER 


e = tan A /tan(A +G)....... (5) 


Since oa = 2nrN, ab = v..:. ob = V = (4m? r?N?X uv?) &, 
called “ path velocity.” 
Since section efficiency e=—tan A/tan (AXG=y/y’, .:. 
e=y, if y’ be chosen = 100. 

Since od =oc X cos (A+ G), and oc=V sec G, 
sec G cos (A+ G), called “ thrust factor.” 

radius of any blade section whole blade angle = mol, 

then pn = 2rml = pitch at section. 
Path velocity ob, section efficiency y, thrust factor od, pitch 
pn, all read directly; also helix angle A. 


For proof, Fig. 3 shows that V,/Vx= tan A: R,/R,= 1/tan (A+G) 


Their product is the efficiency. These statements are true of 
all blades whatever the form of flow past them, providing tanG, 
= drift/lift, represent the actual flow. A eurve of section 
eficiency ¢, derived from this formula is plotted in Fig. 4, [¢ ,,; 
together with the corresponding thrust ¢t, and torque q, per 
foot run. 
In practice the curve of running torque q, is derived from 
the other two by the formula ——— 
q =ct/e ae i (6) parent sliding radial arm, having a central “ velocity line’ 
where ¢ is the ratio V/w, of the speeds of translation and rota- graduated to a linear velocity scale, is pivoted at one corner of 
tion (in radians per second). From these efficiency and torque a cross-section sheet whose ordinates and abscissae are respec- 
ithe 5s a ar : “ti tively the forward and peripheral speeds of the blade at various 
curves the efficiency for the entire blade may be found by piece- : 


meal integration.+ But the aggregate efficiency is more simply 
found as the ratio of the whole thrust power to the whole 
torque power, once these have been computed. 

Map of Propeller Characteristics—When a propeller be- 
comes of permanent interest, a map giving two of its chief 
characteristics, e.g., its aggregate thrust and efficiency, is made, 
as in Fig. 6, from which the other three, i.e., the thrust-power, 
torque and torque power, are readily derived. The map not 
only tells at a glance the capabilities of the given propeller, 
but also, through well known laws of comparison, to be given 
presently, serves to compute quickly the output of others 
similar to it. The making of this map, which involves several 


od=V 








? 


minute 


radial distances. 

If the radial slide is set with its velocity line passing through 
the “ velocity point” b, on the paper, i.e., a point whose co- 
ordinates are the component speeds of any blade section, then 
ob on this line represents that section’s helical velocity V, 
while its inclination to the X-axis is the helix angle A for the 
path of each point of that section, and is read in degrees on 
the graduated are at the margin of the paper. This angle taken 
from the known blade angle for the section gives the incidence. 

The center line of the radial arm is also graduated to read 
.0051V, called the “ velocity factor” in equation (4), and used 
to find the thrust when V is in miles per hour. 

Now setting the shown “ gliding line,” or thread, upon the 
tanG@ seale at the number expressing the drift/lift ratio for 
this incidence, its inclination to the X-axis is the angle A + G. 
Then is read at onee the section efficiency ¢«, as the ratio 


* Tha . " 
The method of this paragraph is usually attributed to S .Drzewiecki: see his 


Des Hélices Aériennes, Paris, F. Louis Vivien, 1909. 
' 


t If < . . . 
If q, €, be the running torque and efficiency at the radial distance r along t 


blade the efficiency for the whole blade is E = Deedr Sadr 
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Fig. 8.—EFFICIENCY 
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tanA/tan( A L G@), or the ratio y/y ol any two colmeident ! board; (2 a ‘transparent celluloid ruler with one end 
ordinates y, y', reaching up respectively to the velocity line and pivoted at the origin, the other curved to a cireular are; (3 
the thread or gliding line. If y' be chosen as 100, y is t a small celluloid T-square to slide along the straight length o 
exact percentage efficiency. the ruler. Riding on the ruler is a fine thread reaching from 
Next the black center line of a transparent ‘T-square is lai pivot to an aluminum slide which plays freely along the 
over the velocity point b, and squarely across the radial arm, are. A fuller treatment of the theory and operation of this 
and aeross the gliding line at the “thrust point” c, who: instru tis given by W. P. Loo in the Journal of the Frank 
abscissa is the “ thrust factor,” VseeGeos(A G). lin Institute for December, 1917. 
All the numerieal value thus far read from the instrument, aws of Comparison.—The air force on a small element a 
together with some given properties and dimensions of | a propeller may be written: 
blade sections, are entered in a row, as in Fig. 8. Under them 
are inserted like readings for other blade sections, Columns 


a, b, c, and d, are now multiplied together giving the last ny is the element’s area, i its ineidenee. For an ait 
column. The entire work of taking and entering the readings rew of fixed shape having a forward velocity V, if i remals 
veeupies less than ten minutes, 


' while the diameter D, and angular speed N, vary, 
A practical form of the instrument, as R = pN2D'f (V /ND) 
comprises: (1) a sheet of ordinary sectio : 
[x D*, V «ND, and iis a function of V/ND. Sineethk 
ixial and periph ral components of R are similarly expressed, 
heir summation, or the whole thrust and torque may be written 


Thrust, 7 = pN2D‘f, (V /ND) 
lorque, () pN Df. (V ND) 


R pAV*'(@) 


at onee 
Thrust power T | pN®D*fV /ND) 
Torque pow 2rQN pNeD QV /ND) 
iene) TV 2xQN =f(V/ND) 
five equations furnish useful laws of comparisél 
hetwer reometri¢ally similar propellers. For example if two 
ich screws move at any chosen V/ND in media whose dent 
ties are respectively o and ¢,, their thrusts are thus related: 
ria pN2D4 /p,N2,D4, 
T’ apN?D4, 
where a Ti/aN*,D4, = fi(V /ND) 


a 





Thrust Coefficient 
Power ( 


orque 


If theretore a be observed, or given, for one sereW of 

diameter D,, the thrust 7’, of any other, of diameter D, m® 

ing with the same V/ND, is found by simple multiplicatd 

oo ee ro 3 Similarly for the torque, ete. Thus it appears that the pi 

005 006 007 8 peller map here treated furnishes directly the characteristé 

Putman Fence V/ND of a particular airscrew, and, by comparison, those of ge 
Map or PROPELLER COEFFICIENT metrically similar screws. 
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Assuming V/ND eonstant, 
may be written 


Map of ee 4 Coe fficients. 
equations 7, 8, 9, 10 and 11, 


Thrust = apN?2D* (7’) 
Torque = bpN?D* (8’) 
Thrust power = cpN*D* (9’) 
Torque power = dpN*D® (10’) 
Efficiency = EK = const (11’) 


in which a, b. c and d are constants for the given: value of 
V/ND, and are called respectively “thrust coeffic ient,” “ torque 
coefficient,” ete. Since as above seen each of these four co- 
efficients is a function of V/ND, it is common practice to plot 
two of them against /ND, as in Fig. 10. The corresponding 
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gyroscopic velocity of a particle, gyroscopic acceleration of 


m. particle, m. 
AND ACCELERATION OF (GFYROSCOPIC 
PARTICLE 


Fic. —VELOCITY 


propeller characteristic is then found for any value of V/ND, 
by taking the appropriate coefficient from the diagram and 
substituting in the proper equation above. For example if 
a= of,(V/ND), fi. d=pf,(V/ND), be taken from the 
diagram and substituted in (7’) and (10°) respectively, they 
give the thrust and the torque power. From these two 
characteristics the other three follow as already explained. 

Comparison of Maps.—Thus from a map of propeller co- 
efficients one finds by computation values which can be read 
directly from a map of propeller characteristics. The latter 
map is more expensive when seldom used; more economical 
when frequently used for hurried reference. Given either map 
the other can be produced from it through equations* 7’, 8’, 9, 
10’. 

Relief Map of Propeller Characteristics. 
thrust values given in Fig. 6 are plotted in relief in Figs. 11 
and 12, respectively. The efficienc -y surface—a species of cylin- 
droid—has for equation E = f,(V/N), and is generated by a 
right line rotating about the Z-axis, while oscillating along and 
perpendicular to it.+ The thrust surface has for equation 
T = N’*f,(V/N), and is generated by a parabola coaxial with 
Z and roating about it with F533 parameter, Similarly for 
the torque surface Q = N*f',(V/N). The power surfaces are 
obviously generated ‘tag eubie sd ed rotating about Z with 
altering parameters. Viewed otherwise, the plane V/N = 
constant contains those generators of the characteristic surfaces 
and earries them with it while rotating about Z with varying 
parameter; the parabolas expanding and contracting; the 
straight line sliding to and fro along Z; and all their projec- 
tions coinciding with the efficiency line, or trace of the rotating 
plane on the reference plane V N. 

If the form of any two of these functions, say f,(V/N), f 
(V/N), were known, the equations to all the five Ae aces could 
be written at once, thus furnishing complete mathematical ex- 
pressions for the five propeller characteristics. Such functions 


The efficiency and 





, 


* From these equations it is seen that for Pp, D, V/ND, constant the thrust and 
torque vary as N2, the thrust power and torque power vary as N°, and the efficiency 
is a constant function of V/N. Hence if these five ch: wan be known for 
one ratio of V/N they are determinate for all values of , having that ratio. 
Thus all the curves of thrust shown in Fig. 6 are derived ae. a single one by the 
relation 7’ « N*%. Similarly for the curves of torque, thrust power and torque 
power. The efficiency graphs are obviously all straight lines through the origin of 
V and N, 


+ The Z-axis is here assumed normal to the paper and co-ordinate with the V 
and N axes. 
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Dece 
ean be derived analytically when adequate formulae in ter, 
of y a NV, are found for L and D, and the velocity and jp. rT 
eidence of the air flow at eaeh section of the propeller blade. LS 
The efficiency lines in Fig. 6 are obviously projections of th a 
intersections of the efficiency surface made by planes norn| - 
to Z and eutting it at distanees from the origin equal to 56, 5g -— 
60, ete., up to 73. Similarly the thrust lines are projections of Z 


intersections of the thrust surface made by planes normal j 
Z and eutting it at distances 100, 150, ete. Similarly for the s 


power curves. 


Stress Analysis 


Scope.—The stresses in an airerew may be due (a) to eon. 2 
stant velocities of rotation and translation, or (b) to variatiog 


in one or both. -' 
In steady rectilinear flight an airserew with straight blady MM [46 
the only form here treated—is subject to two kinds of load. \ 
ing: (1) centrifugal, which begets in the blades purely tensik i [| 
stress; (2) aerodynamie, which begets bending stress. —. 
To these must be added for unsteady flight inertia loads du |_| 


to three kinds of change of motion: (1) translatory acceler. 
tion; (2) rotatory acceleration; (3) precession or nutation 
The aerodynamie effects of such velocity changes are slight anj 
not treated here. / 

(a) Stresses in Steady Flight.—For ste sady rectilinear flight L-14- 
we may first find the centrifugal, then the bending stress, ther 
by superposition find their resultant. 

Centrifugal Stress—The centrifugal force F’, at any erog. 
section of a blade is found by the formula F Me’/r, v be 
ing the peripheral speed, r the distance, of the center of mag 
M of the blade segment tending to fly outward from the section 
in question. Usually this outward segment is mentally eut into 


smaller segments, whose mass and peripheral speed are fir é 
computed then substituted in the given formula, = =m, 7 
Dividing I’ by the section area now gives the average centr. #% +—\ 
fugal stress. 

Bending Stresses—The bending moment M, at any section 
of a straight radial blade is computed by the formula M = /— 





~fl, where f, 
at the section, 
block of the 
the section. 


taken normal to the plane of the neutral surface Hi LL 
is the component of the air force on any smal 
segment of the blade, 1 its distance from 
Dividing M by the section modulus gives the bené- 
ing stress in the outer fiber at the section. 

Resultant Stress and Safety Factor—The bending stress 
plus or minus; the eentrifugal is plus; the maximum is tk 
greatest sum of the positive or tensile stresses. Dividing this 
sum into the tensile strength of the material gives the factor 
of salety. . nw ma speed 

Diagram of Stresses and of Safety Factor.—F ig. 5 portray blade 
graphically the foregoing stresses and factor of safety for diaine 


outer 




























where 
less t 


parts of a blade except the tip where they die away, and th Gy 
root where they are negligible if the hub be properly designe. 0 pit 

Grouping of Data and Analytic Results—Figs. 1 to} Z, thi 
present in systematic order the data and analytic results feii@he ai 
an entire aerodynamic and stress analysis of a propeller diet 


The basic data ar 
analytic results are given for lo 
speed and for high speed Figs. 3, 4 and 5. The propel 
map, showing the thrust, power and efficiency at vari 
speeds, is reproduced in Fig. 6, and is the aggregate result of! 
complete aerodynamic analysis for a graded set of speeds 
translation and rotation. hich 
(b) Load Increments Due to Unsteadiness of Flight.—Thmg ® °: 
added stresses due to unsteadiness of flight are usually smallegmespec 
than those just treated, but require passing notice. , 
Acceleration Loads.—If the screw receives! 
acceleration j, every particle m opposes this wilPhich 
which in practice is negligibly small. ether 
receives an a¢grom 


witho 
X the 
$ sho 
by m 


both high and low speeds of steady flight. 
given in Figs. 1 and 2; the 


Translatory 
translatory 
a force mj, 


Rotatory Acceleration Loads.—If the screw 


celeration « about its axis, every particle m oregon this wil The 
an inertia force m roo, or an axial torque m r° oc, where@mmat f 
is the radial distance of m. Hence the axial torque offered )yimparall 
any blade segment against rotatory acceleration is brque 






max 





Q = =mr? q@..... .. 


integrated throughout the segment, and from this value ® 
moment at any blade section, due to the mass of said segmell 
can be found by elementary staties. 

The inertia torque for the whole blade, that is 


Q=rtimra)R=1a@,.... Ali 
© 
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where I is the axial moment of inertia, equals the engine torque 
less the air resistance to rotation. If the screw runs at full 
speed, first at no throttle, then at full throttle, the opposing 
blade torque changes from a small negative to full positive 
alue, 

Gyroscopic Loads.*—To express the gyroscopic resistance 
0 pitching and yawing, assume fixed centroidal axes X, Y and 
Z, through the airserew parallel to the conventional axes of 
he airplane, X being the longitudinal axis of the latter; and 
et» and @, be the angular speeds of rotation and of yaw 
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data ae@@without pitching. Then any particle m at xyz has parallel to 
for loMBX the linear speed y ©, and the linear acceleration z w &, 

>ropelle Bias shown graphically in Fig. 13. Multiplying this acceleration 
varios mY m gives the force 





sult oft 
peeds ¢ (14) 


hich varies at quadrant intervals through the values o, m, 
2. This force exerts about Y and Z 


mz wQ..... 
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espectively the torques 
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‘one ee 

Q: eee ae 
rhich also vary cyclically, as illustrated in Fig. 14, and, to- 
ether with their resultant, in Fig. 15. Similar effects ensue 
tom pitching without yaw. 
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this wit The above expressions and the figures illustrating them, show 
where (pat for yaw without pitch the gyroscopic force on m is always 
ffered Parallel to X, and reverses twice each revolution; that its 





porque about Y is always positive and fluctuates from zero to 
maximum, mr w ©, twice each revolution; that its torque 
bout Z oscillates from mr wo 2/2 to—mrw 2/2 twice 
ach revolution; that the resultant torque is a maximum, m 1° 
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value t 
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*Fo . . . ° : ° 

7 he med treatment see the writer’s ‘‘Periodic Stresses in Gyroscopic Bodies 
er “pplication to Airscrews,” Report of National Advisory Committee for 
Onauties, 1917, . 






[Owing to the width and thickness of the blade this expression is in slight error 
4n one part in 5000 for ordinary blades. 
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Axes. Resultant Torques Represented by the Oblique Arrows. 
Fig. 15.—Vector Torque DiaGRAM FOR A GYROSCOPIC 


PARTICLE 
« @, When the particle is crossing the XZ plane. Similar con- 
clusions are obvious for pitch without yaw. 
The entire gyroscopic foree on any blade segment is parallel 
to X, and, when at its maximum value, is very closely 
F = Z mrowQt= Mro...............+-(17) 


in which M is the mass of the segment, r the radial distance of 
This foree is at a distance r, = 71',/r from X, 


its centroid. 
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where r, is the radius of inertia of the segment referred to X. 
The maximum gyroscopic torque about Y for yawing with- 
z 3 2 


out pitch is, for any blade segment, = m z w Q, integrated 
throughout the segment; and for a whole screw is 


Q = Taf. FER as a wranat 5 avaiet da 


in which J is the moment of inertia referred to X of the entire 
screw. The gyroscopic torque of the whole serew or any seg- 
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ment is found for any position e, Fig. 13, by multiplying 
the maximum by sin* «. 

Since the entire gyroscopic force on a blade fluctuates jj, 
that of a particle, the moment about Y ranges from zero y 
Iw Q, about Z from I w 9/2 to—Io@ 9/2, twice each reygh, 
tion. The equivalent gyroscopic stress may therefore be eon, 
puted as for a repetitive load ranging many times per secon 
from zero tol » QQ. 


The 450 Horsepower Friedrichshafen Bomber * 


By Jean Lagorgette 


The Friedrichshafen Aireraft Works (Flugzeugbau Fried- 
richshafen, Gesellschaft m.b.H.), which has long specialized 
in the construction of seaplanes equipped with one and two 
engines, is now manufacturing a twin-engined bombing air- 
plane, several samples of which have recently been captured 
on the French front near Verdun and in Macedonia. 

This new German bomber possesses substantially the same 
features as that produced by the Gotha Wagon Works, and 
might, in fact, be termed a small Gotha. On the other hand, 
the Friedrichshafen bomber has a great resemblance to the 
twin-engined seaplane of the same concern, the chief differ- 
ence consisting in the sweepback of the wings, which is a re- 
version to earlier German practice. 

The Friedrichshafen bomber has an upper span of 20.30 m. 
and a lower span of 18.85 m., giving an overhang of only 0.72 
m. at the wing tips. The wings are slightly tapering in width 
from the body toward the tips, the chord measuring, respee- 
tively, 2.30 m. and 1.80 m. The interplane gap is 1.95 near the 
body and inereases slightly at the tips. The surface area of 
the wings is 70 sq. m. ‘The overall length of the machine is 
11 m.; the overall height, measured from the ground to the 
upper edge of the rudder, is 4.10 m. 

The wings have a slight transverse dihedral, except at the 
center section, which is rectilinear, and embody a slight back- 
sweep and decalage, the upper plane being offset forward. The 
trailing edge of the planes is deeply cut out in order to afford 
clearance to the airscrews. 

The wing spars consist of steel tubes in the center section, 
beyond which they are built up of laminated wood. In ae- 
cordance with current German practice, the front spar is lo- 
eated very close to the leading edge, at about 0.40 m. from the 
latter, while the rear spar is situated rather far from the trail- 
ing edge, the spars being spaced at about 1 m. from one 
another. Contrary to what is found in the Gotha, the wing 
ribs are parallel to the longitudinal axis of the machine. 

On the outer side of each engine the wings are braced by 
two pairs of interplane struts, which are inclined outward; the 
inner pairs are slightly more inclined than the outer pairs, 
thus giving the top plane a sharper transverse V than to the 
lower plane. The overhang of the top plane is, furthermore, 
braced by stay wires to the lower base of the outer struts. 

The wings are painted green and brownish red on the upper 
surface, and light blue on the lower surface. 

The ailerons have an irregular shape and are balanced at 
the wing tips; they are built up of steel tubing. The surface 
area of each aileron is 2.30 sq. m. 

The elevator has an overall span of 3.95 m. and is 3.65 m. 
long. The rudder is 1.93 m. high and 0.90 m. wide. Both the 
elevator and the rudder are built up of steel tubing and are 
balanced. The fixed tail planes comprise a triangular, vertical 
fin and a heart-shaped empennage. 

Unlike on the Gotha, where the body is a monocoque, the 
body of the Friedrichshafen bomber is of the well-known four- 
spar type, with wooden cross members, all suitably stayed. 
The forward portion, up to the engines, is covered with veneer, 
the remainder with canvas. The body has an overall height 
of 1.27 m. and a maximum width of 1.20 m. It can be taken 
apart at a point flush with the trailing edge of the wings, keys 
being employed to assemble the two parts. The center section 
of the planes is fixed to the body by means of a cabane con- 
sisting of four vertical steel struts. 





* Excerpt from L’Aérophile. 


In the forward end of the body seats are fitted in tandy 
fashion for the gunner and the pilot, the former occupying th 
front seat. The main fuel tank is mounted behind the pilots 
seat, and bomb gears are arranged on either side of it. Asten 
of this is the seat for the second gunner. A passageway my 
through the body from the forward to the after seat, thy 
enabling the crew to change places as the need may oceur, 

The undercarriage differs considerably from German prac. 
tice as exemplified in one-engined machines, where it bean 
only against the body, or in twin-engined machines, where j 
bears on the wing panels. In the Friedrichshafen bomber tk 
underearriage bears, through the agency of suitable compre 
sion members, on the body as well as on the wing panels, Tk 
underearriage consists essentially of two pairs of vertial 
struts, each pair bearing on the basis of each engine bed, ani 
carrying twin-wheels on a common axle. Rubber strand shod 
The vertical struts are braced by tubulz 
No brake is provided a 


absorbers are used. 
compression members to the body. 
the underearriage. 

The tail skid is pivoted on a vertical post of steel tubig 
which is braced to the interior of the body. The lower po 
tion of the skid is steel-shod. 

The power plant is composed of two water-cooled, 6 cyl 
der Benz engines, developing from 221 to 226 hp. They 
offset 2.10m. from the centerline of the machine, and # 
mounted each on four V-shaped struts, the apex of whid 
bears, as has been said before, on the vertical struts of tk 
underearriage. The engines are surrounded by a streamlind 
bonnet, which mounts in front the radiator and tapers int® 
rear to a conical cap which is mounted on the airserenm 
The diameter of the airscrews is 2.90 m. The fuel tanks a 
situated in the body, behind the pilot, and have a tol 
capacity of 550 liters. The oil tanks are mounted underneal 
the radiators. 

The control is of the Dep type. 

The armament consists of three Parabellum machine gus 
One each is mounted on the forward and after seats, é 
barbette, on a gun ring upon which the gun carriage is maj 
to slide by a lever. The latter permits the locking of # 
gun in a given position. The third gun is mounted on 
floor uf the body, on a pivot, and ean be fired by the ait 
run layer through a trap-door which may be operated by 
lever. There is consequently no gun tunnel on this machi 
like the one that was a conspicuous feature of the Gotha. 

The central bomb gears are of the Gotha type. Six bom 
are carried in a vertical row in a self feeding magadlt 
when one bomb is released another slides automatically 
its place. Additional bombs may be carried amidwing 
underneath the body, in a spring jaw suspension. 

The gross weight of the machine is 2,200 kg., the fuel lo 
520 ke., and the useful load (crew and ammunition) 432% 
The total flight weight is, therefore, 3,152 kg., which give 
lift loading of about 45 kg. per sq. in. and a power loadij 
of 7 kg. per horsepower. 


Testing Airplane Fabrics 
Extensive tests are being made at mills at New Bedfo 
Mass., to determine the best fabrics for use in airplane wit 
Four representatives of the Department of Agriculture li 
been studying the various raw materials and the manu 
ture of goods with the object of perfecting an airplane fab 
that will be superior to those now in use. The investiga 
are: William S. Dean, George S. Anderson, C. E. Coburn 
R. V. Hellams. 
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The 160 HP. Benz and Mercédeés Aircraft Kngines Compared* 


The 160 hp. Benz and the 160 hp. Mercédés engines are, at 
the present moment, thoroughly representative of current Ger- 
man practice in aircraft engine design, which is emphasized 
by the fact that nearly all of the enemy airplanes that have 
been captured by the Allies were found to be equipped with 


either Benz or Mereédés engines. A detailed analysis and ¢ 
mensioned comparison of these two engines, which has 
authorized by the British naval and military authorities, jg 
therefore, of timely interest. 

Taken as a whole, the Benz and the Mereédds have may 





GENERAL Deraii 


Number and 
Bore 
Bore... 
Stroke...... 
Stroke....... =_ 
Stroke /bore ratio..... eee 
Area of one piston,........... 
Total piston area of engine Re ae 
Swept volume of one cylinder............ ; 
Total swept volume of engine.................... 
Volume of clearance space................ 
Compression ratio. Total volume/clearance 
Normal B.H.P siacetaweanates 
Normal speed.. ean 
Ee 
Brake mean pressure. . 
Mechanical efficiency (calcul uted)... 
Indicated mean pressure (calculated)... 
Fuel consumption per B.H.P. hour (s.g. 
Brake thermal efficiency (18,600 B.T.U. 
Indicated thermal efficiency...... 
Air standard efficiency. 
tea caceeeeesteees 
Cu. in. of swept volume per B.H.P.. 
Sq. in. of piston area per B.H.P...... 
H.P. per cu. ft. of stroke volume........ 
H.P. per sq. ft. of piston area....... 
Direction of rotation of crank and prope lier. 
Normal speed of propeller...... 
Oil consumption per hour (specific gravity, 0.900) 
Oil consumption per B.H.P. hour....... ata 
Number of carbureters.. 
Type of carbureters. : 
Fuel consumption per hour (specific gravity, 0.730) 
Number and type of magnetos....... eee 
Firing sequence of engine. . 


arrangement of evlinders.. 


volume.... 


 0.730)..... 
*s/lb.)... 





—_——— 
TABLE I. 
—— 
160 hp. Benz. 160 hp. Mereédi, 
Six, so Six, vertical 
In. .12 5.51 
mm. li 30. 0 140.0 
In. 7.09 6.30 
mm. 180.0 160.0 
1.385: 1 1.144) 
Sq. in. 20.60 23.84 
Sq. in. 123.60 143.04 
Cu. in. 146.05 150.20 
Cu. in. 876.30 901.20 
Cu. in. 41.65 42.95 
4.50:1 4.80:1 
B.H.P. 160 162.5 
R.P.M. 1400 1400 
Ft. per min. 1655 1470 
Lb. sq. in. 103.00 102.00 
Per cent. 87.50 87.90 
Lh. sq. in. 117.7 116.0 
Lb. 0.520 0.522 
Per cent. 26.32 26.20 
Per cent. 30.10 29.80 
Per cent. 45.20 45.20 
Per cent. 66.60 65.95 
Cu. in. 5.48 5.54 
Sa. in. 0.773 0.881 
HP. 315.5 312.0 
HP. 186.4 163.5 
Sottock Anticlock 
R.P.M. 
Lb. 407.93 5.69 
Lb. 0.031 0.035 
No. Two Two 
Type Benz re: 
Lb. 83.2 4 . 80 
Two ZH6 Bosch T wo ZU Ba 
1. 6S 6, 2, 4 3, 6, 2,4 
Degrees 30 


Ignition timing (degrees early, full ‘advance).... 
Inlet valve opens........ 
Inlet valve closes....... 

















Degrees 
Degrees 


Top ion center 


2 degrees late 
60 degrees late 


35 degrees late 




















Exhaust valve opens Degrees 60 degrees early 63 degrees early 
Exhaust valve closes. . Degrees 18 degrees late 13 degrees late 
rABLE Ia 
CALCULATED Friction Losses Lb. pe piston area 
160 hp. Benz. 160 hp. Merdé 
Bearings, valve gear and auxiliaries.... Lb. sq. in 2.00 2.00 
Fluid Pumping loss...... Lb. sq. in 4.50 4.00 
Piston friction.......... Lb. sq. in 8.20 8.00 
Total Losses.... Lb. sq. in 14.70 14.00 
Brake mean pressure... Lb. sq. in 103.00 102.00 
Calculated indicated mean pressure Lb. sq. in. 117.70 116.00 
Calculated mechanical efficiency Per cent. 87.50 87.90 
TABLE II. TABLE III. 
Gas Vevocities, VaLve Argas, Fire INERTIA Forces, Beartne Loaps, Erc. 
160 hp. Benz 160 hp. Mercédés. 160 hp. 160 bp 
Gas Ve.Lociry (feet per second) Benz. Mercédés 
. Weight of piston, complete with rings and 
Vertical induction pipe... , 192.0 — gudgeon pin. . ceeececcens Lb. 5.00 6.8 
Induction manifold (or branch pipe. S).. 192.0 164 é Weight per sq. in. piston area...... cine Sam 0.2428 0.284 
Inlet port......... . “+ 123.6 104.5 Weight of connecting rod complete......... Lb. 5.00 5.0 
Inlet valve........ * 172.8 157 7 Total reciprocating weight per cylinder..... Lb. 6.80 8.35 
Exhaust valve. ... . 172 o 157.7 Weight per sq. in. piston area.............. Lb. 0.330 0.38 
Exhaust port. . : + io 6 104.5 Le mgth of connecting rod............sese0. In 12.37 £ 
Exhaust branch pipe 192.0 164.7 fatio. Connecting rod/cr unk throw....... 3.50:1 3.68: 
Ine artia. Lb.sq.in. pistonarea. Topcenter. Lb. sq.in. 83.60 78.10 
Cross Secrionat Area (Sa. in.) Inertia. Lb. sq. in. piston area. Bottom ¢ 
9 9R0 center....... SP Teer eee Lb. sq. in. 46.40 “5 
Vertical induction pipe $5 o ae ei Inertia. Lb. sq. in. ‘piston area. Mean. Lb. sq. in. 65.00 61.2 
Induction manifold (or branch pipes).. 2.950 3.546 Weight of rotating mass of connecting rod.. Lb. 3.20 3. 
Inlet port....... eee . 5.600 Total centrifugal pressure................. Lb. 633 611 
Inlet valve (9 dh.).........0000eceees 4 = ) : £00 Centrifugal pressure, lb. sq. in piston area.. Lb.sq.in. 30.70 25. 
Exhaust valve (7 dh.).........-++000 3.290 3.700 Total loading due to inertia and ce ntrifugal 
Exhaust wee -eeees 4 600 5.600 Pe cvonc conn ee snamegee Lb. sq. in. 95.70 96.8 
Exhaust anch pipe 2.980 3.546 Mean average fluid pressure, inc luding com- 
pression sees . cecececes Lh. sq. in. 42.50 42.0 
D1aMETER (In.)— Mean average loading on crank pin bearing, 
“ total from all sources in terms of lb. sq. 
Vertical induction pipe...... . 1.950 — in. piston are : BR PRS RS Lb. sq. in. 116.50 108.8 
Induction manifold (or branch pipes)... 1 -950 2.125 Diameter of wore pin In. 2.165 9.0 
yb = 4 rr eS VOR re : 
Inlet port........ tenet ee eeeeenns é = pk PTT en ee Ft. per sec. 13.22 136 
Exhaust port... ......--eeeeeeeeeees 6 a4 . 77 Effective projected area of big-end bearing.. Sq. in. 4.860 a. 
Exhaust branch pipes............ 1.95 2.125 Ratio. Piston area/projected area of bie- . 
—_ IG, 0's 54 65:00 dhe hae edikess : 4.18:1 be 
Mean average loading on big-e nd bearing. Lb. sq. in. 487.00 475. 


* Digest from The Automobile Engineer. 
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160 HP. 





characteristics in common, 
and differ from one another 
only in minor details of de- 
sign. Both engines bear out 
plainly the German practice 
of sacrificing light weight to 
sturdiness, and, consequent- 
ly, reliability; both are of 
the water-cooled, six-cylin- 
der vertical type, with over- 
head camshaft drive, and 
possess double ignition and 
twin earbureters; and, final- 
ly, the structural parts of 
both engines appear to 
have been designed with the 
particular view of quantity 
production. 

Details of design which 
are at variance from one 
another may be briefly re- 
suméd as follows. The over- 
head camshaft arrangement 
of the Benz appears as be- 
BENZ ENGINE ing superior to that of the 











Ientt1Ion System 160 HP. 





BENZ CRANKSHAFT 











TABLE VI. 






VaLvE DETAIL. 












Outside diameter 


itt MO ee Ss. 5s cee aie eeeeee In. 2.420 2.677 
RI Os a on 0 5'a 6 Aes. 6 een In. 0.0787 0.0787 
Radius under valve head. ats Sedan ee 0.3937 0.3149 
a as a ko oc. 6 apne bce {n. 0.433 0.440 
Diameter of valve stem................ In. 0.5512 0.4724 
Length of valve guide.. Salad gieais 2 aa 2.953 2.756 
Overall length of valve. . Pe rere S| * 4.921 5.984 
Number of springs per valve............ No. One One 
Free length of spring. er 6S 2.913 3.110 
Length of spring in position, no lift...... In. 1.968 2.244 
Mean diameter of coils................-. In. 1.535 1.417—1.142 
’ , (parallel) (taper) 
Se oo re rads ad gamed No. gauge 7-8 8-9 
OE Ios 56.65 er Kos we de enw n. 0.168 0.1575 

tatio. Length of spring/lift of valve.... 4.55:1 5.10:1 
Weight of valve, a te with spring, 

cap, ete.. eee ere, |" 0.9926 1.140 

Weight of spring, bare. Lb. 0.2405 0.230 






160 hp. 160 hp. 
Benz. Mercédés. 
hd ste Sal ei he In. 2.677 2.834 

















The inlet and exhaust valves are interchangeable. 






















TABLE IV. 


160 HP. Benz CytinpER DIMENSIONS. 





Overall height of bare cylinder from top of base cham- 


are ‘ ; 16.260 
Depth of spigot at base of cylinder 0.2756” 
Diameter of cylinder over water jacket....... herewe 6.417” 
NN ns nc wanices sini 5 ah 2.756” 

Thickness of flange at base of cylinder... ; 0.512” 

Number of holding-down studs per cylinder......... , Eight. 

Diameter of holding-down studs....... va ; 0.394” 

Steel water jacket. ; No. 19 S.W.G. (0.040” 
Mean thickness of combustion chamber wall..... . 2756” 

Bursting stress*. . ; ‘ 3715 Ib. sq. in. 
Mean thickness of ¢ Vv vlinder barrel. 0.1968” 

Tensile stress*. . . ee 2604 Ib. sq. in 


tN pn . . . 
Nore. Assumed maximum pressure following several consecutive misfire; 


400 Ib. per sq. in. 




































TABLE V. 


160 HP. Merctprs CYLINDER DIMENSIONS. 


tte 


~ height of bare cylinder from top of base cham- 


: iia ines oc eiton 15. 270" 

Depth of spigot at base ‘of cylinder. ' er . 2756” 

ean diameter of cylinder over water jacket Naa oaaies ; 732” 
Steel water | ee eh eke diate re No. 18 B.W.G.(0.049’’) 
Mean thickness of combustion chamber wall..... 0.1968” 
Menta. eens : ape 5600 Ib. sq. in. 
— thickness of cylinder barrel a 0.1132’ 

ensile stgess*....... : . 4870 Ib. sq. in. 





Note.—Assumed maximum pressure following several consecutive misfires 


400 Ib. per sq. in. 












































Enp View or 160 HP. Benz ENGINE 
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GENERAL ARRANGEMENT OF MercEDEs ENGINE140 mu. Bore x 160 mu. STROKE 
| 2 3 4 5 € 
! 2 3 4 5 f 











~—Carburetter — Duplex Carture“er 


DiAGRAM OF INDUCTION PirE System, 160 HP. Benz DiaGramM Or INDUCTION PiPE System, 160 HP. Merceépbs 
ENGINE ENGINE 



































130 mm Bore x 180 mm. STROKE 





GENERAL ARRANGEMENT OF BENZ ENGINE, 
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INLET AND Exuaust Sipe or 160 HP. Benz ENGINE 
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Base CHAMBER, CYLINDER AND 
Connecting Rops, 160 HP. 
Benz ENGINE 























Orr Sipe or THE 160 HP. Benz ENGINE 


Mercédés, because it may be more easily manufactured, and 
is also more accessible, although, on the other hand, the 
Mercédés valve gear is the better arrangement for a high-speed 
engine. Furthermore, greater rigidity is imparted to the en- 
gine unit in the Mereédés design, the cylinders being connected 
to another by the camshaft housing. 

The Benz cylinders are of east iron with built-up water jack- 
ets, the jackets being in both types sheet steel pressings welded 
to the cylinder heads. The pistons of the benz are of cast 
iron, while those of the Mereédés are of the built-up type, com- 
prising a forged steel head, with a cast-iron wall screwed and 
welded to it. 

The water pipe arrangement of the Benz is particularly 
worthy of note in that it is reduced to a minimum and can 
easily be taken down. 

In the accompanying dimensional comparison it has been 
necessary, owing to the differences in the design of the valve 










































BASE CHAMBER, 
CYLINDER AND Con- 
NECTING Rop, 160 
HP. MERCEDES 
ENGINE 
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TABLE VII. 


ConnectTiInG Rop anp Piston 


Benz 
Length between centers.. . 12.37 
Ratio. Connecting rod /crank throw § 50:1 3 
Little-end bearing. Type Phosphor bronze ‘ase-hards 
bush fixed in rod steel bus 
oating io 
a oe 1180 — CranksHarr 160 HP. Mercépits ENGine 
Little-end bearing. Length... 2.910 
Little-end bearing. Projected area.. i. 3.435 
Ratio. Piston area/projected area of 
little-end bearing. , 6.00:1 3. 26:1 TABLE VIII. 
Big-end bearing. Type White metal di- Bronz¢ 
rect in rod lined whit CRANKSHAFT. 
metal 
Big-end bearing. Diameter 29 165 2 205 
Big-end bearing. Length (actual)... . 2.640 2.874 160 hp. 160 hp. 
Big-end bearing. Length (effective) 2.244 2.480 Benz. Mercédés, 
Big-end bearing. Projected area Length of complete shaft r -—— 58.48 
CS ee Sq. in. 4.860 5.460 Cylinder centers : . 6.690 7.007 
Ratio. Piston area/projected area of Cylinder centers (center pair).... aoa . 6.690 7.007 
big-end bearing... . $.18:1 27 Outside diameter of crank pin +e " 2.165 2.205 
Number of big-end bolts. " Four Inside diameter of crank pin..... : , 1.1024 26 (mean)? 
Full diameter of bolts ; 0.3937 531: Length of crank pin. ey : 2.716 2.913 
Total cross sectional area bottom of Outside diameter of journals..... naan " 2.165T 125 
threads . ? Sa. in. 375 fe Inside diameter of journals. . caine " 1.1024 16 (mean) 
Maximum load due to inertia : Number of journal bearings. . . asec Seven Seven 
1400 r.p.m.. db. Length of journal bearings. Propeller end... In. 2.756 3.543 
Maximum load due to inertia « Length of journal bearings Rear end : In. .968 2.992 
1600 r.p.m.. sb. ‘ 2432 Length of journal bearings. Center ors 2.2047 2.2835 
Load due to centrifugal force : Length of journal bearings. Intermediate.... In. 2.2047 2.2835 
1400 r.p.m.. db. 4: Width of crank webs , ae me .598 .677 (mean) 
Load due to centrifugal force : Thickness of crank webs  * .945 0.905 (meani 
1600 r.p.m...... ; Lb. 5 Radius at ends of journals and crank pins.... 0. .197 0.1575 
Total load on bolts at 1400 r.p.m.... Lb. Diameter of drilled oilways in shaft Seen .1575 0.1575 
Total load on bolts at 1600 r.p.m.... Lb. 5 Weight of complete shaft Lb. 2.70 70.00 
Stress per sq. in. at 1400 r.p.m 
Stress per sq. in. at 1600 r.p.m 


- ee 


r dimensions of individual erank pins and journals. 
inal, which is 1.889” diameter. 

















































































































160 HP. Mercépts Piston anp GupGEON PIN 160 HP. Benz Piston Anp GupGEON PIN 
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gear, to make some adjustments in weights in order to bring 
the engines in line for purposes of comparison. — rhe prineipal 
alteration consists In ineluding the weight of the camshaft 
housing, camshaft bearing, etc., of the Mereédés engine in the 
top half of the base chambers. 





TABLE IX. 
\ppLiges TO 160 HP, MERCEDES CRANKSHAFT ONLY. 
R. Ratio. External diameter. /Internal diameter. 
Description. Dimensions. R. 
In. 

Qutside diameter of all journals 2.126 
Inside diameter of journal. A........... 1.535 1.385/1 
Inside diameter of journal. B. 1.338 1.588/1 
Inside diameter of journal. C.............. 1.220 1.742/1 
Inside diameter of journal. D...... Se 1.102 1.930/1 
Inside diameter of journal. E. 0.984 2.161/1 
Inside diameter of journal. F and G. 0.787 2.702/1 
Length of journal. A.... . 3.071 ia 
Seotiourmmal B,C, and D..........0...0s000 2.2835 — 
Length of journal. E..... 2.244 re 
Length of journal. F...... isan aracaeaeaeene Gaertn 2.204 — 


Length of journal. G an Re 
Outside diameter of all crank pins. 


Inside diameter of crank pin. H........ 456 1.514/1 
Inside diameter of crank pin. K.. 338 1.647/1 
Inside diameter of crank pin. L. mene 29 1807/1 
Inside diameter of crank pin. M, N, and P.......... 102 2. 


Width of crank webs. X. 
Width of crank webs. Y 


NWN RR ee bw 
20 ae 
=~ 


Width of crank webs. Z...... ‘ 756 — 
Thickness of crank webs. X and Y................. 0.905 
Thickness of crank webs. Z* 0.945 m 








* Except end web at propeller end, which is 1.023” thick. 
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GENERAL ANALYSIS OF WEIGHTS. 


160 HP. Benz Piston anp CoNNEcTING Rop ASSEMBLY 








TABLE X. 


MISCELLANEOUS WEIGHTS. 





160 hp. 160 hp. 


Benz. Mercédeés. 

Lb. Lb. 
One cylinder complete, less valves................... 26.00 19.25 
CRONIN BUT GRIN io i 6 coo ons 0.005 0:5:0 004s 80000 5.00 5.00 
Piston, complete with rings and gudgeon pin....... - 5.00 6.85 
Verve, GCOUMIOOS WEED GUTIME.c oc cc ccc sca cesccecens 0.992 1.140 
Valve compete, lees STINE sr. 6... ccc sc cccccecces 0.758 0.910 
Va UE GUI ni oo doc nkndcasaccanceseiacn 0.436 0.495 
Valve tappet complete, less guide.................... 0.211 — 
pe errr eet eee 0.535 -—— 


RI a5. 5 doc what Maddeed sce aseaeeds 591.50 618.00 
Weight per normal ground level B.H.P............... 3.70 3.80 
Weight of engine complete, including cooling system at 

i ee en Ek ae 695.50 723.60 
Weight per normal ground level B.H.P............... 4.35 4.45 


Weight of engine complete, including cooling system, 
fuel, oil, and tanks for four hours (fuel and oil al- 
lowance at rate of ground level B.H.P.. and tanks 
at rate of 10%, of weight of fuel and oil)........ 1083.30 1121.75 

Weight per normal ground level B.H.P......... 6. 6 
















Xa. 





Description. 
Cylinders.... 
Base Chamber. Top half ; 
Base Chamber. Bottom half.. 
Crankshaft complete..... 
Propeller hub, complete..... 
Propeller thrust race, complete. . 
Camshaft, complete........... ? 
Pistons complete including gudgeon pin. . 
Connecting rods, complete 
Valves, complete...... 
Valve operating gear between cam and valve stem 
Induction pipes, complete... 
Carbureters, complete .... 
Magnetos, complete........ 
Ignition wiring, complete with cable tubes 
Water pump, complete 
Water pipes........ 
Oil pump, complete. . 
Air pump, complete. 
Miscellaneous 











———160 hp. Benz.——— ——160 hp. Mercédés.—— Average. 
Percentage of Percentage of Percentage of 
Lb. Total Weight. Lb. Total Weight. Total Weight. 
168.00 28.40 115.50 18.71 23.555 
100.00 16.92 118.59 19.21 18.065 
65.75 11.10 73.00 11.82 11.461 
72.70 12.28 70.00 11.33 11.806 
12.00 2.06 13.00 2.10 2.080 
3.81 0.64 2.56 0.42 0.530 
10.50 1.78 10.50 1.63 1.706 
30.00 5.07 41.10 6.66 5.866 
30.00 5.07 30.00 4.85 4.960 
11.91 2.01 13.68 2.21 2.110 
14.20 2.40 5.94 0.96 1.680 
8.125 1.37 11.75 1.90 1.635 
7.25 1,22 12.73 2.06 1.640 
29.00 4.91 30.00 4.86 4.886 
4.35 0.73 4.00 0.65 0.690 
4.81 0.81 6.87 ee 0.960 
3.00 0.51 19.00 3.08 1.795 
4.55 0.77 12.00 1.94 1.355 
1.125 0.19 1.50 0.24 0.215 
10.42 1.76 26.28 4.26 3.005 
591.50 100.00 618.00 100.00 100.000 





















Aeronautical Patents 


OCTOBER 9, 1917 


1,242,295. To Daniel M. Willard, Bakersfield, Cal., assignor of one 
half to Albert J. Mills, Bakersfield, Cal. Flying machine. 


1,242,412. To Robert D. Andrews, Brookline, Mass. Flying appara- 
us. 

1,242,540. To Walter R. Fuller, Atlanta, Ga. Airplane. 

1,242,553. To Benton H. Jackson, Dayton, Wash. Means for drop- 


ping projectiles from air craft. 
1,242,766. To James M. Butcher, Chicago, Ill. Airship. 


ISSUED OCTOBER 16, 1917 
1,243,556—To John J. Reynolds and Arthur Jenkins, Ruleville, Miss. 


12 Cargo structure for aircraft. 
#43,557—To John J. Reynolds, Rantoul, Ill. 
tenance chamber for aircraft. 


_ ISSUED OCTOBER 23, 1917 

1,244,129-_To Adolph Ranson, South Charleston, W. Va., assignor of 

1,249 ne halt to Stanton Isaac, South Charleston, W. Va. Parachute. 

#44,367—To Prokop Jack Prokop, New York, N. Y. Airship. 
ISSUED OCTOBER 30, 1917 


1,244,470—7 Anders J. Christensen, Hempstead, N. Y. 
construction and the like. 


Air pressure-main- 


Airplane 


ISSUED NOVEMBER 6, 1917 
1,245,279—To William H. V. Shrum, Columbus, Ohio. 


Boomerang. 
1,245,389—To Henry W. Schmidt, Edgewater, N. J. 


Aeronautical ap- 


paratus. 

1,245,724—-To Henry W. Jacobs and Raffe Emerson, Topeka, Kans. 
Airplane. 

1,245,902—To Frank Gretsky, Coal Center, Pa. Airplane motor. 

1,246,010—To William Startling Burgess, Marblehead, Mass., assignor 
~ Curtiss Aeroplane & Motor Corp. Inherently-stable fiying 
0a. 

1,246,011—To Glenn H. Curtiss, Hammondsport, N. Y., assignor to 
the Curtiss Motor Co., Hammondsport, N. Y. Flying boat. 

1,246,012—To Glenn H. Curtiss, Hammondsport, N. Y., assignor to 
The Curtiss Motor Co., Hammondsport, N. Y. Flying boat. 

1,246,013—-To Glenn H. Curtiss and Henry Kleckler, Hammondsport, 
N. Y., assignors to the Curtiss Motor Co., Hammondsport, N. Y. 
Balancing system for aircraft. 

1,246,015—To Glenn H. Curtiss, Buffalo, N. Y., 
Aeroplane & Motor Corp. Airplane. 

1,246,016—To Glenn H. Curtiss, Buffalo, N. Y., assignor to Curtiss 
Aeroplane & Motor Corp. Flying boat. 

1,246,018—To Glenn H. Curtiss, Buffalo, N. Y., assignor to the Curtiss 
Aeroplane & Motor Corp. Draft system for flying boats. 

1,246,019—To Glenn H. Curtiss, Buffalo, N. Y., assignor to Curtiss 

Aeroplane & Motor Corp. Flying-boat hull. 


assignor to Curtiss 











































































































3825— Specifications for Exira Soft Carbon 
Steel Sheet 

GENERAL.—1, The general specifications, 
1G1, shall form, according to their appli 
cability a part of these specifications. 

MATERIAL.—2, The material for these 
sheets shall be chosen from the I. A, S. B. 
standard steels listed below. The com 
position shall be stated by the manufac 
turer or contractor, and is further limited 
as follows: Carbon, not over 0.15 per cent. 

MANUFACTURE.—3. (@) The steel shall 
be manufactured, or at least finished, by 
the open-hearth, electric-furnace or cruci 
ble process, 

(b) A sufficient discard shall be mack 
from each ingot to secure freedom from 
piping and undue segregation. 

(c) Sheets, unless ordered cold rolled. 
shall be full pickled. 

Heat Treatment.—(d) Sheets are to l« 
well and uniformly annealed in accord 
ance with good commercial practice. For 
sheets lighter than 0.065 in. (1.65 mm.). 
box annealing is preferred. For sheets 
0.065 in. (1.65 mm.) and thicker, open 
annealing is preferred. 

WORKMANSHIP AND FINniIsuH.—4. (a) The 
sheets must be commercially flat, clean, 
smooth, free from laminations, 
blisters, and other surface defects. They 
must be uniform in quality. and within 
the stipulated margins of manufacture. 

(b) Any sheet may be rejected because 
of injurious defects or faults in manu 
facture at any time, notwithstanding that 
it has previously been accepted by the 
inspector; it shall be returned to the 
manufacturer at the latter’s expense 
This clause shall not be taken to apply to 
materials fabricated after export. 

PHYSICAL PROPERTIES AND ‘TEsTS.—). 
(a) Specimens cut in any direction from 
the sheets shall have the following prop 
erties : 

Tensile Test.—(b) Minimum tensile 
strength, 50,000 Ib. per sq. in. (35.2 keg.) 
mm.*); minimum yield point, 36,000 Ib. 
per sq. in. (21.09 kKg./mm.?: minnuin 
elongation 25 per cent in 4 in. (101.6 mm.). 

Bend Test.—(c) Strips cut from sheets 
shall stand being bent cold through an 
angle of 180 deg. in any direction to a 
radius equal to the thickness of the sheet 
without fracture. 

(d) Strips 1% in. (81.75 mm.) wide cut 
from sheets and with edges rounded shall 
stand reverse bending, cold, through an 
angle of 90 deg. for not less than three 
complete reversals, without fracture. The 
test is to be made in a square-nose vise, 
the edges over which the specimen is bent 
being rounded to a radius equal to three 
times the thickness of the sheet. 

SELECTION OF 'TEST SPECIMENS.—6, Three 
sheets shall be taken from each annealing 
hox to represent the top, middle, and bot 
tom of the stack, or 1 sheet from each 25 
when sheets are open annealed. One ten 
sile, one bend, and one reverse bending 
test shall be made from each _ sheet 
selected. 

DIMENSIONS AND TOLERANCES.—7. The 
dimensions and tolerances shall be those 
given in the table below and in the speci- 
fications 3811. The thickness will be 
specified in decimals of an inch or milli 
meters, 

DELIVERY, PACKING, AND SHIPPING.—S. 
(a) Sheets shall be cut to the required 
dimensions and shall be ordered in as 
narrow widths as can be used. 

(b) All sheets shall be oiled for pro 
tection against corrosion. 

(c) Sheets 0.065 in. (1.65 mm.) or thin- 


seas, 















International Aircraft Standards 
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ner shall be boxed, the weight of box with 
contents net to exceed ?20 Ib. (100 kz.). 

(d) Sheets thicker than 0.0065 in, (1.65 
mim.) up to and including 0.125 in. (3.18 
mm.), Shall be crated, the weight of crate 
and contents not to exceed 22) Ib. 
(100 kg.). 

(e) Sheets thicker than 0.125 in (3.18 At 
mm.) may be bundled, the weight of bun 
dle not to exceed 220 Ib. 


(6b) These alloys when poured hot into 
very thin difficult sections, such as crank- 
case pans, carburetors, and manifolds 
shall not be required to show a greater 
tensile strength than 14,000 lb. per Square 
inch (9.84 kg./mm.’). 
SELECTION OF TEST SPECIMENS.—6, (q) 

least one sample is to be east to 
represent each crank case or other large 
(100 kg.). casting; this is to be attached to the 
casting; no chills may be applied to the 
test specimen. 

(6) The number of test samples for 
smaller castings is left to the discretion 
-} of the inspector, who is to satisfy hin. 
=.5 self that the quality of the metal useg 
is satisfactory and uniform. 

(c) The latter samples are to be cast 
separate, but also in sand and _ withont 
the use of chills. 

DIMENSIONS AND ‘TOLERANCES.—7, (@) 
The castings are to be accurately in ae 
cordance with the drawings, and sufficient 
allowance is to he made to enable them to 
be machined where required to the fip. 


COMPOSITION OF STANDARD STEELS 
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When electric or crucible steel is speci 
fied in the order, the maximum allowabk 
percentage of phosphorus and _ sulphur 
may, at the option of the purchaser, lx 
imited to 0.03 per cent. 


OF TOLERANCES FOR STANDARD STEEL SHEETS. 


rABLI 
Thick rolerance for sheets 14 inches Tolerance for sheets over 14 
35.6 cm.) wide and under inches (35.6 em.) wide. 
Ine VU mete Inche Villimeters. Inche V illimeters, 
0-0 .020 0.5 - OO1 +0.03 +0. 002 +0 .05 
OO2 - OS 
0.021 020 0.54 76 OO? } O5 + 0035 + O08 
OO38 OS 
031 040 79-1 .02 003 } OS + 003 + .O8 
O41 050 OS 7 rl OO OS t O04 t 10 
051 O65 {0} 6 OO4 r 10 + 004 t 10 
066 OS8O 68—2 | ( OO4 r 10 t 005 t .13 
OS] 100 > 06-2. 54 t O06 , 15 + .006 t .15 
O1 ox 2 57-3.0 006 } 1S + .OO7 + .18 
121] 250 ». O8—-6 006 t+ .15 + OOS 20 


3N11—Specifications for Aluminum Alloy ished dimensions without leaving evidence 
Castings of the cast surface. 

(b) A tolerance of 3 per cent is allowed 
in the weight of the individual castings. 
3S827—Specifications for One-Half Hard Car 

bon Steel Sheet 

GENERAL.—1. The general specifications, 
1G1, shall form, according to their appli- 
cability, a part of these specifications. 

MATERIAL.—2, The material for these 
sheets shall be chosen from the I. A. 8. B. 


GENERAL.—1. The general specifications, 
1G1, shall form, according to their appli 
ecability, a part of these specifications. 

Use.—2. Two alloys are described. 

Alloy 1 is suitable for crank Cases and 
general purposes for which tensile 
strength is required. 

Alloy 2 is suitable for die castings for 
bearing surfaces and pistons for use at 
higher temperatures. 


MATERIAL.—3. (a) These alloys shall standard steels listed below. ‘The com 
have the following compositions: position shall he stated by the manufac 
Alloy No. 1. Alloy No. 2. 
Specific gravity 2.39 2.95. 
Copper 7.0 to 8.5 per cent 9.25 to 10.75 per cent. 
Impurities Not over 1.7 per cent Not over 1.7 per cent’ 
Balance Balance. 


Aluminum 


———— 


turer or contractor, and is further lim 
ited as follows: Carbon, not over 0.40 per 
manganese may he from 0.30 to 0.60 
per cent. 

MANUFAcTURE.—3. (a) The steel shall 
be manufactured, or at least finished, by 
the open-hearth, electric-furnace, or cruct 
ble process, 

(b) A sufficient discard shall be made 
from each ingot to secure freedom from 
piping and undue segregation. 

(c) Sheets, unless ordered cold rolled, 
shall be full pickled. 

Heat Treatment.—(d) Sheets are to be 
well and uniformly annealed, in accord 
ance with good commercial practice. For 
sheets lighter than 0.065 in (1.65 mm.), 
annealing is preferred. For sheets 


(b) Ingot aluminum of grades Standard 
No. 1 and Standard No. 2 may be used 
in making these alloys. 

WoRK MANSHIP AND FINISH.—4. (a) The 
castings are to be clean, sound, and free 
from blowholes, misruns, cracks, shrinks, 
and similar defects. 

(b) No repairing, plugging, or welding 
will be allowed unless previous permis- 
sion in writing has been obtained from 
the inspector; such permission will only 
be given when the defects to be repaired 
are small and do not affect the strength 
of the casting. 

PHYSICAL PROPERTIES AND TESTS.—5. 
(a) The alloys shall have the following 
minimum physical properties: 

Tensile Test.— box 


cent 5 


= ————= 
Alloy No. 2, sand or die cast 

18,000 pounds per square 
(12.65 kg. /mm.¥*). 





Alloy No. 1, sand cast. 
18,000 pounds per square inch 
(12.65 kg. /mm.?). 
Elongation in 2 inches (50.8 mm.). 1.5 per cent....... 
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Tensile strength. 
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mm.) and thicker, open 


(1.65 


aling is preferred. 
annealing is pre 
" WoRKMANSHIP AND FinisH.—4. (a) The 


0.065 in. 


sheets must be commercially flat, clean, 
smooth, free from seams, laminations, 
plisters, and other surface defects. They 
must be uniform in quality, and within 
the stipulated margins of manufacture, 

(b) Any sheet may be rejected because 
of injurious defects or faults in manu- 
facture at any time, notwithstanding that 
it has previously been accepted by the in- 
spector ; it shall be returned to the manu- 
facturer at the latter’s expense. This 
clause shall not be taken to apply to ma- 
terials fabricated after export. 

PHYSICAL PROPERTIES AND TESTS.—5. 
(a) Specimens cut in any direction from 
the sheets shall have the following prop- 
erties : 

Tensile Test—(b) Minimum tensile 
strength, 75,000 Ib. per sq. in. (52.73 kg./ 
mm.?); minimum yield point, 45,000 Ib. 
per sq. in. (31.64 kg./mm.*) ; minimum 
elongation, 18 per cent in 4 in, (101.6 
mm.). 

Bend Test.—(c) Strips cut from sheets 
shall stand being bent cold through an 
angle of 180 deg. in any direction to a 
radius equal to the thickness of the sheet 
without fracture. 

(d) Strips 14% in. ($1.75 mm.) wide cut 
from sheets and with edges rounded shall 
stand reverse bending, cold, through an 
angle of 90 deg. for not less than three 
complete reversals, without fracture. The 
test is to be made in a square-nose vise, 
the edges over which the specimen is bent 
being rounded to a radius equal to three 
times the thickness of the sheet. 

SELECTION OF TEST SPECIMENS.—6, Three 
sheets shall be taken from each annealing 
box to represent the top, middle, and bot- 
tom of the stack, or 1 sheet from each 25 
when sheets are open annealed. One ten- 





sile, one bend, and on reverse bending 
test shall be made from each sheet 
selected. 

DIMENSIONS AND 'TOLERANCES.—7. The 


dimensions and tolerances shall be those 
given in the table below and in the speci- 
fications 3811. The thickness will be 
specified in decimals of an inch or milli- 
meters. 

DELIVERY, PACKING, AND SHippine.—S. 
(a) Sheets shall be cut to the required 
dimensions and shall be ordered in as 
narrow widths as can be used. 

(b) All sheets shall be oiled for pro- 
tection against corrosion. 

(c) Sheets 0.005 in (1.65 mm.) or thin- 
ner, shall be boxed, the weight of box 
with contents not to exceed 220 Ib. 
(100 kg.) 

(7) Sheets thicker than 0.065 in. (1.65 
mm.), up to and including 0.125 in. (3.18 
mm.), shall he crated, the weight of crate 
and contents not to exceed 220 Ib. 
(100 kg.). 

(e) Sheets thicker than 0.125 in. (3.18 
mm.), may be bundled, the weight of bun- 
dle not to exceed 220 Ib, (100 kg.). 


CHEMICAL COMPOSITION OF STANDARD 


STEEL. 





AVIATION 





TABLE OF TOLERANCES FOR STANDARD STEEL SHEETS. 












Thickness. Tolerance for sheets 14 inches Tolerance for sheets over 14 
(35.6 cm.) wide and under. inches (35.6 em.) wide. 
Inches. Millimeters. Inches. Millimeters. Inches. Millimeters. 
0-0 .020 0.51 +0.001 +0.03 +0.002 +0.05 
— .002 — .05 
0.021— .030 0.54— .76 + .002 + .05 + .003 + .08 
— .003 — .08 
.031— .040 .79-1.02 + .003 + .08 + .003 + .08 
.041— .050 1.05-1.27 + .003 + .08 + .004 + .10 
.051— .065 1.30-1.65 + .004 + .10 + .004 + .10 
.066— .080 1.68-2.03 + .004 + .10 + .005 + .13 
.O81— .100 2.06-2.54 + .006 + .15 + .006 + .15 
-101— .120 2.57-3 .05 + .006 + .15 + .007 + .18 
-121- .250 3.08-6.35 + .006 + .15 + .008 + .20 











3826-—Specifications for Soft Carbon Steel 


Sheet 


GENERAL.—1. The general specifications. 
1G1, shall form, according to their appli- 
cability, a part of these specifications. 

MATERIAL.—2, The material for these 
sheets shall be chosen from the I. A. 8S. B. 
standard steels listed below. The com- 
position shall be stated by the manufac- 
turer or contractor, and is further limited 
as follows: Carbon, not over 0.30 per 
cent; manganese may be from 0.30 to 
0.60 per cent. 

MANUFACTURE.—3. (@) The steel shall 
be manufactured, or at least finished, by 
the open-hearth, electric-furnace, or cruci- 
ble process. 

(b) A sufficient 
from each ingot to secure freedom 
piping and undue segregation. 

(c) Sheets, unless ordered cold rolled, 
shall be full pickled. 

Heat Treatment.—(d) Sheets are to be 
well and uniformly annealed, in accord- 
ance with good commercial practice. For 
sheets lighter than 0.065 in. (1.65 mm.), 
box annealing is preferred. For sheets 
0.065 in. (1.65 mm.) and thicker, open 
annealing is preferred. 

WORK MANSHIP AND FintsH.—4. (a) The 
sheets must be commercially flat, clean, 
smooth, free from seams, laminations, 
blisters, and other surface defects. They 
must be uniform in quality, and within 
the stipulated margins of manufacture. 

(b) Any sheet may be rejected because 
of injurious defects or faults in manufac- 
ture at any time, notwithstanding that it 
has previously been accepted by the in- 
spector ; it shall be returned to the manu- 
facturer at the latter’s expense. This 
clause shall not be taken to apply to ma- 
terials fabricated after export. 

PHYSICAL PROPERTIES AND 'TESTS.—5). 
(a)Specimens cut in any direction from 
the sheets shall have the following prop- 
erties : 

Tensile Test—(b) Minimum tensile 
strength, 60,000 Ib. per sq. in. (42.18 ke. 
mm...) ; minimum yield point, 36,000 Ib. 
per sq. in, (25.31 kg. mm..); minimum 
elongation, 22 per cent in 4 in. (101.6 
mm. ). 

Bend Tests.—(c) Strips cut from sheets 
shall stand being bent cold through an 
angle of 180 deg. in any direction to a 
radius equal to the thickness of the sheet 
without fracture. 


discard shall be made 
from 





(d) Strips 1% in. (31.75 mm.) wide cut 
from sheets and with edges rounded shall 
reverse bending, cold, through an angle 
of 90 deg. for not less than three com- 
plete reversals without fracture. The 
test is to be made in a square-nose vise, 
the edges over which the specimen is bent 
being rounded to a radius equal to three 
times the thickness of the sheet. 

SELECTION OF TEST SPECIMENS.—6, Three 
sheets shall be taken from each annealing 
box to represent the top, middle, and bot- 
tom of the stack, or one sheet from each 
25, when sheets are open annealed. One 
tensile, one bend, and one reverse bend- 
ing test shall be made from each sheet 
selected. 

DIMENSIONS AND ‘TOLERANCES.—1. (@) 
The dimensions and tolerances shall be 
those given in the table below and in the 
specifications 3811. The thickness will 
be specified in decimals of an inch or 
millimeters. 

DELIVERY, PACKING, AND SHIPPING.—S. 
(a) Sheets shall be cut to the required 
dimensions and shall be ordered in as 
narrow widths as can be used. 

(b) All sheets shall be oiled for pro- 
tection against corrosion. 

(c) Sheets 0.065 in (1.65 mm.) or thin- 
ner shall be boxed, the weight of box with 
contents not to exceed 220 lb. (100 kg.). 

(d) Sheets thicker than 0.065 in. (1.65 
mm.), up to and including 0.125 in. (3.18 
mm.), shall be crated, the weight of crate 
and contents not to exceed 220 Ib. 
(100 kg.). 

(e) Sheets thicker than 0.125. in (3.18 
mm.) may be bundled, the weight of bun- 
dle not to exceed 220 Ib. (100kg.). 


COMPOSITION OF STANDARD STEELS 
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1020 0.15-0.25 0.30—-0.60 0.045 0.050 
1025 .20-— .30 .50- .80 045 .050 





When electric or crucible furnace steel 
is specified in the order, the maximum 
allowable percentage of phosphorus and 
sulphur may, at the option of the pur- 
chaser, be limited to 0.03 per cent. 
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: When electric or crucible furnace steel 
IS specified in the order, the maximum 
allowable percentages of phosphorus and 
sulphur may, at the option of the pur- 
chaser, he limited to 0.03 per cent. 





TABLE OF TOLERANCES FOR STANDARD STEEL SHEETS. 








Thickness Tolerance for sheets 14 inches Tolerance for sheets over 14 
aaa (35.6 em.) wide and under. inches (35.6 em.) wide. 
Inches. Millimeters. Inches. Millimeters. Inches. Millimeters. 
0-0.020 5 +0.001 +0.03 +0.002 +0.05 
— .002 + .05 
0.021- .030 0.54— .76 + .002 + .05 + .003 + .08 
— .003 — .08 
.031-— .040 .79-1.02 + .003 + .08 + .003 + .08 
.041-— .050 1.05-1.27 + .003 — .08 + .004 + .10 
.051-— .065 1.30-1.65 + .004 + .10 + .004 + 10 
.066— .080 1.68-2.03 + .004 + .10 el -005 +. 13 
.O81-— .100 2.06-2.5 + .006 + .15 + -006 + 15 
.101— .120 2.57-% + .006 + .15 + .007 + .18 
.121- .250 3. 08-6 + .006 + .15 + .008 + .20 

















Digest of the Foreign Aeronautical Press 


Aeronautics (London), October 24, 1917 

The Air Offensive—With a view to the great air offensive 
in the spring, the Germans have been content to allow thei 
program of aircraft construction to be announced to the world 
through a neutral medium. They are about, it appears, to 
launch forth on construction and design to the uttermost limit 
of their manufacturing resources. They intend, according to 
this source of information, to concentrate on the production 


lieve that we shall be first in perfecting it. But the Boehe 
has the inventive faculty full well developed; wherefore it be. 
hooves us to consider whether his scheme of a slow, heavily. 
armored, bullet-proof trench-fighter is not worthy of adoption, 

Meanwhile it is quite clear that the Boche is pinning hig 
faith to next spring’s aerial offensive. It is also clear tha 
he is laying his plans now, as he perforce must do. If ye 
are to counter him, and do so effectively, we must also stay 


to plan straight away. Otherwise we shall be in for a hard 
time next spring, and London, to consider only one aspegt 
of the matter, will be no health resort. In war, as in physi¢ 
there is only one maxim that commands success: exterminate 
microbes before they attack you. 

Notes on the Airserew and the Problem of the O pti- 
mum Diameter—By FE. P. King, B.Se. (Eng.), London.—{4 
paper discussing the best diameter of airserews for partie. 
lar sets of conditions which are determined by the power and 
speed of the engine, the speed of the aircraft and the type of 
propeller used. Diagrams giving the efficiency curves, thrust 
curves, torque curves, ete., of a 250-hp. propeller accompany 


the article. 





Some 








The Aeroplane (London), October 17, 1917 


The Commander of the Defenses of London.—The Defenses 
of London are under the command of Maj.-Gen. E, B. Ash- 
more, C.B., M.V.O. 

General Ashmore was born on Feb. 20, 1872, in London, 
and after a highly distinguished career in the Royal Regiment 
of Artillery he attained his majority on April 19, 1909. He 
learned to fly on a Bristol biplane at Brooklands, his certif- 
eate being No. 281, dated Sept. 3, 1912, so that as an aviator 
he is elosely contemporary with General Salmond. He served 
as a G.S.O. in the Directorate of Military Aeronautics, and 
went to France with the R.F.C. at the outbreak of war, 

On Nov. 18, 1914, he was gazetted temporary lieutenant- 
colonel, as a wing-commander, R.F.C., and later on was pro- 
moted to brigadier-general. 











PoweEr-UNIT oF A FRENCH AIRSHIP 
Passed by Committee on Public Information 


Photo Central News Photo Service Aeronautics (London), October 17, 1917 


High Command for the R.I'.C.—On 
of four main types of machines: the fighting single-seate1 the Secretary of the War Office made an announcement to 
scout, the two-seater reconnaissance fighter with long radius the effect that “ Lieut.-Gen. Sir David Henderson, K.CB. 
of action, the long-distance bomber, and the infantry-fighter, D).S.0., having been deputed to undertake special work, has 
or contact patrol airplane. been lent for such service, and has thereby vacated his seat 

Of the first type the Germans already possess an abundance; on the Army Council. 
heavily-engined, of excellent flying performance, their fighting “The Secretary of State for War has appointed Maj.-Gen. 
scouts and escorts are almost the equal of ours. And that J. M. Salmond as his successor as Director-General of Military 
slight degree of superiority which we manage to maintain is Aeronautics, with a seat on the Army Council. 
due perhaps to the personal ascendency of our our flying men. “ Major-General Brancker, at present Deputy Director of 

In the fighter-reconnaissance airplane we have a clear superi- Military Aeronautics, has been appointed to a command 
ority, provided the authorities exercise clear judgment in their abroad, and for the present his place will not be filled.” 
orders now—for our present orders of machines will deter Lieut.-Gen, Sir David Henderson, K.C.B., D.S.O., will live 
mine our success six months hence. It should not be forgotten, in history as the chief of the Flying Corps during the critical 
though only too often it is, that an aerial program involving first three years of war and the years immediately preceding 
material production requires months for its elaboration, Jet it. Born in 1862, he entered the Argyll and Sutherland High- 
alone for its execution. Machines have to be built—whicli landers in 1882. In the South African War he was wounded 
means that designers have to be instructed, materials pro at Ladysmith, and subsequently became Director of Military 
vided, whole technical staffs trained in their special jobs, and Intelligence. His connection with aviation dates back to 191), 
pilots and the remaining personnel trained in their various when as Brigadier-General Henderson he took his pilot’s cer- 
duties. All of which takes time, even with the best will and _ tifieate at Brooklands. In 1912, the period of the Military 
the most efficient means in the world. Those who lightly speak Trials on Salisbury Plain, he took over the command of the 
of an aerial offensive on a grand scale, of fleets of hundreds Royal Flying Corps, then recently formed, and nominally be 
of bombing planes, as a rule little realize the enormous amount came Director of Military Training at the War Office. A year 
of preparatory work and the length of time required for the later he was appointed Director-General of Military Aero- 
attainment of this object. nauties and colonel commanding the Royal Flying Corps. 

In long-distance bombers we should again hold the upper Maj.-Gen. John Maitland Salmond, C.M.G., D.S.O., whe 
hand, again assuming a modicum of clear thinking on the part succeeds him, was born on July 17, 1881, son of a well-known 
of authority. But let this be said: if our offensive in the air military family. From Wellington he passed in 1901 into the 
is to sueceed, we require bombing machines capable of use in Royal Laneaster Regiment and received his captaincy in 1910. 
daylight raids apart from night-bombers and in day bombers He served through the South African War and other minor 
in order to be successful and to be capable of operating far campaigns, and took his pilot’s certificate in 1912. The same 
from their base (that is, so as to be able to dispense with es- year he was appointed instructor at the Central Flying School 
cort) have to be exceptionally speedy and possess a high at Upavon. On May 31, 1913, he was gazetted squadron com- 
“ ceiling.” mander, and for the first two years of the war served with dis 

In the matter of infantry-fighters we are less clear, if only _ tinction in France and Flanders as wing commander, winnilg 
for the reason that we are still in the purely experimental the D.S.O. and three mentions in dispatches. Successivel¥ 
stage. Contract patrol work was originated a year ago on the _ lieutenant-colonel and _ brigadier-general in 1916, he was 
Somme. We were the first to adopt it; there is reason to be- gazetted major-general on June 22, 1917. 
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News of the Fortnight 


Appointment of Aircraft Board Expected 

According to Howard E. Coffin, acting chairman of the new 
Aireraft Board, the three civilian members will be announced 
within a day or two. Already the Army and Navy representa- 
tives have been announced by the Secretary of War and the 
Secretary of the Navy, respectively, and it only remains for 
the President to appoint the three civilian members. Rumor 
has had it for some little time that Richard F. Howe, formerly 
treasurer of the International Harvester Co., has been ap- 
pointed as one of the three civilian members. On Nov, 20 the 
New York 7imes printed a Washington dispatch, in which it 
was stated that this appointment had been made. AviaTION 
anp AERONAUTICAL ENGINEERING then communicated with the 
White House office on the long distance telephone and is 
informed that the civilian appointments have not as yet been 
announced, and that no suggestion as to who they may be 
ean be made at this time. The work of the board, which is 
to supervise the production of airplanes and accessories, is, 
however, still going forward under the old board, of whieh 
Mr. Coffin is chairman, 

Mr. Coffin announced recently that the work of the board 
was keeping up to schedule, and that fine progress was being 
made. While no Liberty engines are yet being delivered in 
quantity, several plants are turning out a few each week, and 
by January it is expected that both engines and airplanes 
will be manufactured and delivered in large quantities. 

“Preparations for the training of the American aviators 
after they Jeave the ground schools are also progressing ex- 
actly according to schedule, for the construction of the big 
training schools and flying fields in various parts of the 
United States which are not already in full operation are 
nearing completion,” said Mr. Coffin. “ Whereas a number 
of these partly trained student aviators have been sent abroad 
for their final instruction in the past, in the near future they 
will probably all be trained in this country,” he continued. 
It was learned that instructors from the front will return 
here, or be detailed, to teach them all the finer points of flying, 
observing and fighting in the air. 

There seems to be no way in which to estimate the number 
of student aviators training in this country, or the number 
sent abroad, but it is fair to assume that the Signal Corps 
has kept pace with the schedule set early in the year in the 
same manner that the Air Board has kept up the production 
of airplanes. 

It was learned from the Council of National Defense that 
the new Motor Car Industry Committee is doing good work, 
and that the purpose of this committee, like that of all the 
industrial committees, is to keep idle manufacturing plants 
or industries not producing to full capacity in touch with the 
needs and demands of the Government. Where Government 
work is being taken over it was being done gradually in order 
that no hardship on the plant or company will be worked so 
that the decrease in the general or regular productions will 
not be felt in the market. In other words, a gradual con- 
version is being carried out so that eventually an increased 
percentage of the Government work may be handled without 
curtailing the regular output of a certain article or type of 
article. Little trouble with any of the Government produc- 
ion is anticipated, and even now the industrial committees 
report that the work is ahead of the program. 


Foreign Airplanes on Exhibition 


Among the exhibits at the “Hero Land” bazaar, which 
opened at Grand Central Palace, New York, on Nov. 17, is 
one of the fifty-four German airplanes brought down by the 
late Capt. Georges Guynemer, the famous French aviator. 
Several French planes, the wreckage of a Zeppelin which tried 
to bomb Buckingham Palace, a Fokker airplane brought down 
on the western front by a British aviator, and exploded and 
unexploded air bombs are also on exhibition. 


Wright Monument in France 


The committee appointed before the war to arrange for the 
erection at Le Mans, France, of a monument to Wilbur Wright, 
has decided to proceed immediately with the work. It is un- 
derstood that the monument will be erected on the Camp of 
Auvours, where Wilbur Wright first demonstrated, in 1908, 
his airplane to the French public. 
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Advisory Committee Opposes Aero Shows 

The National Advisory Committee for Aeronautics is op- 
posed to the holding of aeronautical expositions during the 
period of the war. By formal resolution, it has approved the 
action of the Aireraft Board, which has announced that as a 
matter of general policy in view of the military situation it 
does not encourage the holding of any expositions of aircraft 
for the duration of the war. 

For military reasons no developments of new types of en- 
vines or planes can be exhibited and the inevitable distraction 
of interest on the part of manufacturers would not be in the 
interest of the military departments. 

The National Advisory Committee for Aeronautics gave the 
question careful consideration at a recent meeting, after which 
the following resolution was passed : 

“Resolved, That the action of the Aircraft Board on the 
subject of aeronautical expositions during the war be ap- 
proved by the National Advisory Committee for Aeronautics 
and that the Aireraft Board and the Manufacturers Aircraft 
Association be notified of this action.” 


National Committee on Civil Aerial Transport 


The National Advisory Committee for Aeronautics an- 
nounced on Nov. 20 the establishment of a Committee on 
Civil Aerial Transport. This committee supersedes the for- 
mer committee on Aerial Mail Service and has far broader 
scope and functions. 

The functions of the Civil Aerial Transport Committee will 
inelude, in addition to those formerly exercised by the Com- 
mittee on Aerial Mail Service, the problems connected with the 
application of aircraft to civil purposes, the utilization of 
military airplanes and aviators after the war for such pur- 
poses, and co-operation with similar organizations of other 
nations. 

The organization of this new committee is as follows: 

Dr. W. F. Durand, chairman, chairman of the National 
Advisory Committee for Aeronautics. 

Dr. S. W. Stratton, secretary of the National Advisory Com- 
mittee for Aeronautics, and director of the United States 
Bureau of Standards. 

Prof. Charles F. Marvin, chief of the United States Weather 
Bureau, 

Lieut.-Col. V. E. Clark, Signal Corps, U. S. A. 

Lieut. Commander J. H. Towers, U. 8. N. 

All of the above are members of the National Advisory 
Committee for Aeronautics. 

In accordance with regulations, which have been approved 
by the President, additional members may be added from time 
to time as the work of the committee develops. 

Comprehensive plans will be formulated as soon as prac- 
tieable, but it is not planned to divert agencies of military 
value to the development of civil aeronautics until after the 
war, 

Lloyd George on the Airplane Situation 

Addressing members of the American War Mission and his 
followers among the leading representatives of the British 
(iovernment at an historic conference held in Downing Street, 
on Nov. 20, on the prosecution of the war, Premier Lloyd 
George emphasized the importance of the American shipbuild- 
ing and military programs. 

Dealing with the airplane situation, the Premier said: 
“ Command of the air in the battle line is almost as essential 
as command of the sea. The people of the United States pos- 
sess to an unusual degree the qualities of enterprise and daring 
necessary to the creation of successful aviators. The American 
climate also lends itself to the development of the air service, 
because it is clearer and more equable than the climate of the 
British Isles. ‘This is of special value, because the train- 
ing of pilots, the creation of flying units and the building of 
aerodromes are as essential to the creation of an air service 
as the building of airplanes themselves.” 


Liberty Engine Breaks Auto Record 


Ralph De Palma, veteran auto speed driver, made a new 
record on Nov. 16, at Sheepshead Bay Speedway, New York, 
when he drove a Packard ear fitted with a Liberty engine a 
distance of 633.12 miles in six hours, breaking the record for 
that time. 





620 


How to Prepare for Overseas Service 

An Army officer now on foreign duty has written a letter 
home suggesting a number of things which should be done 
before embarking and listing the more important items which 
should be earried along. 

His first suggestion is to settle one’s business affairs. Fol- 
lowing which he remarks that an application should be filed 
for the Soldiers’ and Sailors’ Insurance, the study of French 
begun, and a checking account with an European house estab- 
lished. A code address should also be listed before leaving this 
country, and all equipment should be carefully and conspicu 
ously marked. A total of 250 lb. may be earried by officers. 

In view of the prices of equipment abroad, it is advisable 
to secure certain things before undertaking a trip overseas. 
Leather, among other things, is expensive abroad, but, strange 
to relate, he states that the “Sam Browne” belts are only $6 
and $7 in Paris. The best “trench” coats in England and 
France, however, are reported to cost $35, while whip-cord 
breeches with doe-skin knees average $6. In general, a dollar 
in United States money represents 5.70 franes, or 4 shillings, 
2 pence. Probably American troops will be paid in French 
money. 

En route, continues the voyageur, convenient, 
though not worn over there; in fact, only campaign hats and 
steel helmets are authorized. Pistols are kept much cleaner 
and safer if boxed for the trip. 

A list of the officer’s suggestions as to equipment follows: 
Officers’ locker or trunk (wardrobe steamer-trunks are handy), 
hand-bag, with toilet articles, trench mirror, wrist watch, 
pocket flash-light, flint, wheel and tinder lighter, canned solidi- 
fied aleohol, and tobacco for two months, a short winter coat, 
knee-laced waterproof boots, boot and shoe laces, fleece-lined 
gloves, extra hat, shoes and mess outfit, plenty of handker- 
chiefs and socks, a cable code book, coffee (tea is plentiful), 
chocolate, soup and beef tablets or a few cans of soup, face 
and laundry soap, a few books, plenty of United States stamps, 
a good fountain pen, blank forms and stationery and a wash 
basin. 


caps are 


Lord Northcliffe on Aircraft Production 

In an interview Lord Northcliffe says he will return to the 
United States as head of the British War Mission after the 
Allied conferences and trip to the fronts. 

If the British Government desired, he said that he would 
devote much of this time to the question of aircraft production 
in the United States, and added: 

“ My great fear is that the American output will exceed the 
possibilities of training officers and mechanics. Americans are 
willing to make any type of engine we ask, in addition to their 
own Liberty engine.” 

Assigned to Joint Technical Board 

Col. H. H. Arnold and Maj. Harold S. Martin, Signal Corps, 
have been appointed members of the Joint Army and Navy 
Technieal Aircraft Board, in place of Brig. Gen. B. D. Foulois 
and Maj. Henry W. Harms, Signal Corps. 

Rubber Bomb 

Reeent dispatches from the fighting front tell of a new 
rubber-based bouncing bomb recently used by German aviators. 
The bombs are provided with a resilient base of leather, rub 
ber and rope, which makes them bound upward into the air 
after striking the ground. The special fuse attached causes 
the bomb to burst when it has reached the pinnacle of its 
bound, about six feet in the air. 

Butts of these aerial bombs, which have been picked up, 
show that all are provided with a base of synthetic rubber 
and are wrapped around and around with rope, making them 
resilient. 

The bombs are weighted so that the end with the rubber pad 
will strike the ground first. The impact with the earth sets in 
motion the time fuse, which detonates the bomb a fraction of 
a second later when the bomb has bounded into the air. 


Air Mail for U. S. Troops 
Aerial postal service between the American troops in France 
and their British and French comrades, with an extension to 
Algeria and Morocco, is planned by the municipal post authori- 
ties at Lyons. 
A commission has been appointed to study the question of 
routes and sailing times for the service. 
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Swear Allegiance at Standard Plants 


Men and women employed by the Standard Aero Corp. tog 
the oath of allegiance to the United States recently. 

Realizing that the various fires and other destructive agy 
committed by enemy aliens constitute a deadly peril to thi 
country’s war preparations, Harry Bowers Mingle, preside 
of the corporation, first instituted a rigid inquiry into the ng 
tionality and antecedents of every one of his thousands of em. 
ployes, and then ordered that every man and woman of they 
should take the oath of allegiance. The oath was administer 
by a publie official, legally empowered to do so, to the offig 
foree and executives, as well as the factory employes. 

The Standard Aero Corp. has just moved a major portig 
of its help and machinery to the new plant at Elizabeth, N, J 

In addition to the original place which existed at the tim 
the purchase was made of the original property from Joh 
Stevenson Car Works, a new two-story aircraft assembly 
building has been put up, running the full length of the shops; 
barracks for the men have been built, ready to hold two hm. 
dred and fifty men, each separately in a room provided with 
shower baths, ete. 

There is under construction an administration building whid 
will be completed within a month and which will house aj 
office help and contain the principal executive offices, ee 
Within a month the immense restaurant and lunch room of the 
company will be running, where all the employes will be fed 
from the company’s kitchen. 

Coincident with the moving of the main portion of the oper 
ating forces to Elizabeth, the Standard Aero Corp. has found 
it necessary to organize an additional company under the name 
of the Standard Aircraft Corp. under the laws of the State of 
New York. 

On and after Nov. 1, 1917, these two organizations, unde 
practically the same management, but with their enlarged faeil- 
ities and redoubled energy, will divide their activities as fol 
lows: 

The Standard Aero Corp. of New York, operating at Elim 
beth, will continue as an engineering and experimental o 
ganization, doing primarily aircraft engineering and exper 
mental work, while The Standard Aireraft Corp. will be th 
production or manufacturing company, operating at the Plaim 
field and Elizabeth plants. 

A number of changes in personnel have taken place with the 
new organization, which are as follows: 

Clifford Talbot, formerly superintendent of the New Eng 
land Westinghouse, has taken charge as works manager of al 


plants. 


EK. E. Pennewill, formerly superintendent of the Standanl 
Aero Corp., becomes general manager, and C. V. Bradfori, 
formerly general manager, becomes vice-president. 

The headquarters and main offices of the company will bea 
Elizabeth. The company expects to push to the uttermost ifs 
work by employing women help as one of the best means @ 
expediting aircraft production. 


Air Minister for Great Britain 


[t is reported that a bill for the establishment of an alt 
introduced in the British House of Com 
mons in a few days. It will provide for co-ordination 
several branches of the work of the naval and military al 
services and the air board. The ministry will assume complet 
control of the new arm gradually. 

A central organization policy and a central organizatio 
This bureau will be given powé 
over discipline and pay. Lord Northeliffe was offered the 
position of first air minister, but declined. His youngé 
brother, Lord Rothermere, then accepted the post. Lom 
Rothermere is the chief proprietor of The Daily Record and 
Mail of Glasgow and of the Leeds Mercury. 


ministry will be 


supply will be established. 


Sweden to England Via the Air 


An airship passenger-and-mail service between Sweden, Fit 
land and England has been projected at Stockholm, Swede} 
according to a special report received by the Department of 
Commerce, Washington, D. C. 

A Swedish company has been incorporated with a capitalia® 
tion of $536,000, to organize and operate this line, and it 8 
reported that airships designed to carry six passengers and# 
large amount of mail are under construction. 
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THe Curtiss AEROPLANE CoMPANY, BurFrato, N. Y. 


America Trans Oceanic Company, 280 Madison Ave., New York City, New York Agents 
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‘*SOMEWHERE IN THE ROGERS SHOPS” where thousands of 


wood parts for use in Airplane Construction are handled every day. 



































Lower Cuts show two methods of Measuring a Wing Rib Cap Strip, 
the old Two Foot Rule way and the modern Rogers way of Measuring 
with a Rogers Fig. 13 Double Ended Limit Gauge ground accurate to 
.0001 of an inch with a tolerance limit of plus or minus 1/64’’, which is 
the accuracy called for on this particular job. 


Rogers Accuracy Has Been the Foundation of Rogers Success 


ROGERS CONSTRUCTION COMPANY, AIRCRAFT PARTS 
THE JOHN M. ROGERS WORKS, MEASURING APPLIANCES 
GLOUCESTER CITY, NEW JERSEY 











December 1, 1917 AVIATION 























— 


Three Times as Many Shafts per Day on the 
No. 4 Universal Turret Screw Machine 


Heretofore the best time recorded for machining this pinion shaft on a turret lathe without a 
carriage has been 30 minutes each or 20 per day. 


But when transferred to the No. 4 with its instantly changeable simultaneous turret-and-carriage 
operation the time was reduced to 10 minutes each or 60 per day. 


Such achievements are common occurrences where any W. & S. machines are in use. On 
the 3-A Hollow Hexagon Turret Lathe Gnome type engine cylinders—previously a 35- 
hour job—have been produced in 2 hours and 47 minutes from 47 lb. forgings. Again on 
the 3-A a 2134” solenoid plunger previously made on engine lathes at the rate of 2 per day 
were made in 35 minutes each. On the 2-A a 173%” cast iron sleeve—a job they said was 
impossible on a turret lathe—was made in 30 minutes against its previous time of 2 hours 
on an engine lathe. Hundreds of other time-saving instances await the inquiry of those 
interested in meeting emergency demands for record-breaking quick production. 


Because of their close working and extraordinary accuracy no less than their unprecedented 
speed all W. & S. machines are unquestionably the most economical installation for airplane 


plants. 

Inquiries will be promptly answered, by mail or 
in person, if you will send blueprints with 
rough and finished samples to our nearest office. 











While the 14/’, %”’ and %” diameters 
are being turned and threaded by the 
hexagon turret, the 1", 1%” and 
1-7/16” diameters are being turned 
by the square turret on the carriage. 


THE 
WARNER 
& SWASEY 
COMPANY 


CLEVELAND, OHIO, 
U.S.A. 








TURRET LATHES—TURRET 
SCREW MACHINES— 

BRASS WORKING 

MACHINE TOOLS 


NEW YORK Office—Singer Bldg. 
Detroit Office—Ford Bldg. 
Boston Office—Oliver Bldg. 
Buffalo Office—Iroquois Bldg. 


Chicago Office and Showroom—618- 
622 Washington Blvd. 





FOREIGN AGENTS—Chas. Churchill & Co., Ltd., London, Birmingham, Manchaster, Newcastle-on-Tyne and Glasgow. Allied Machinery Com- 
may, Paris and Turin. Van Rietschoten & Houwens, Rotterdam. Yamatake & Co., Tokio. Benson Brothers, Sydney and Melbourne. A. 
Sher Smith, Sydney. A. R. Williams Machinery Co., Ltd., Toronto, St. John, Winnipeg and Vancouver. Williams & Wilson, Ltd., Montreal. 
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An Austin Standard Factory-Building Built for The G Company at Schenectady, N. Y., in Thirty Working-Days 


Austin Standard Factory-Buildings 


AROS! TION BOOT im 


Can be Occupied 
in 30 Working-days 


7 OU can move into a new Austin 
ie Aeil St SAP The Genel Wlacile Comeing wien. oc”” Standard Factory-Building in 


Building 89, 300 linear feet of tl Austin Standard No. 3 B 


100 feet wid “n thirty working-days from the day 
you sign an Austin Thirty-Day 
Guaranteed-Delivery Contract. 

a ee ee ee This is possible because the Austin 
EN? 22S” am::3" ~ " . ; . . 

Company—subject to prior sale—actu- 
ally has all the materials in stock ready 
for immediate shipment. 

The General Electric Company, The 
Dayton Metal Products Company, the 
Building No ag 1 Np ST ea Electric Company at Schenectady. United States Government, and many 
Mtoe than half up and the roof is going on. others have already taken advantage of 
Austin 30-day Guaranteed-Delivery of 
completed floor-space. 











You can close the contract for which 
you are negotiating, buy your machinery 
for delivery at a given date, and buy your 
building on the same basis: from a cata- 
log, at a given price, for guaranteed de- 
livery, ready for occupancy in thirty 





Exteri f Building 89 of The General Electric Company on May if 

31, 30 we nt days after the order Fir ng this building pisces ipigAn 

time | ast t June bro ug it us rders for five 1 ret lings for the € 

customer, all of whi ive been finished time or ah hone or wire the office nearest the proposed work. 


The Aaiatio Company 


INDUSTRIAL BUILDERS 
Cleveland, Ohio 


New York Philadelphia Pittsburgh Indianapolis 
Export Representatives: American Steel Export Co., Woolworth Building, New York 
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SAFE 


BEHIND 


RESISTAC © 


AVIATOR 
etel ete] BS 














The eyes 
of the“‘eyes’’of the Army 


must be protected. 


If the Goggle you wear is not RESISTAL you 
take an unnecessary chance. RESISTAL 


cannot shatter. 


On Nov. 23rd, 1917, the Navy Department adopted 
RESISTAL for aviators’ goggles and masks. 


4 In addition to the Army standard frame 
Strauss & Buegeleisen RESISTAL is now made in a variety of 


37 Warren Street New York City frames for aviators’ goggles and masks. 
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In the Air Service 





Men of Draft Age Must Enlist Before December 13 


The new selective draft regulations prevent any man from 21 to 31 years old 
enlisting after December 15th. In order to complete your enlistment (be 
examined, accepted and take the oath), you should positively report to any 
recruiting officer before December 13th. 
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The War Will Be Won In The/jAir 


AEROPLANE 
MOTOR MECHANIC 


NOW BEING TAUGHT AT THE 
MICHIGAN STATE AUTO SCHOOL 


A course in Aeronautics has been established, to train mechanicians for the Aviation Service. This will 
include thorough instruction and practice in building, running, and repairing aeroplane motors, repairing of 
planes and other parts; lectures in the theory of flying, history of aviation, construction of propellers, fuselage 
work, including metal fittings, bracing, and wiring, wing construction, controls, landing gear and pontoons 
and the care of the entire machine. 


COMPLETE EQUIPMENT 


By special permission, the necessary equipment for thorough instruction has been secured from the Curtiss 
Aeroplane Company. A Curtiss expert will head the faculty. He is an authority on aero-motors and aero- 


planes, as well as hydros and flying boats. 


had over eight years of educational training along similar lines. 


The Business 
of the Future 


The men who become 
trained aeroplane motor 
mechanics now will be 
big men in the aeroplane 
busines. Only a short 
ime ago the automobile 
business was starting. The 
men who got in then are 
now the Big Men. The 
aeroplane business is in 
its infancy. The war will 
give it a start. The men 
who train now will be 
Big Men too. The work 
is extremely interesting 
and will grow in interest 
as the business develops. 
Aeroplanes and Seaplanes 
will be used for every 
purpose. Trained aero- 
motor mechanics will al- 
ways be in big demand. 


Trained Aero Men Serve 
Their Country Best 


THE CURTISS AEROPLANE CO. 
Aeroplanes, Hydroaeroplanes, Fly- 
ing Boats, Aeronautical Motors. 
BUFFALO, U. S. A. 


September 17, 1917. 
Mr. A. G. Zeller, 
Michigan State Auto School, Detroit, Mich. 


Dear Mr. Zeller:— 

In accordance with our conversation I have asked the Sales Depart- 
ment to send you a collection of motor and ae ropl ane parts which you can 
use in connection with your aeroplane mechanics’ school. You will find, 
I think, a sufficient number of parts so that you will have no difficulty in 
explaining to your students the general principles of construction and 
operation. 

These models, together with the literature which you now have 
will, I believe, furnish a valuable background upon which your new school 
work can be based. There is going to be a big demand for good aeroplane 
mechanics and for that reason we believe that your activity along this 
line is very timely and commendable. 

Yours very truly 
THE CURTISS AEROPLANE CO. 
F. L. Faurote, Advertising Manager. 


He will be assisted by a competent staff of instructors, who have 


Get Into This New 
Industry Now 


To those men who have 
the forethought to get 
into aviation work now, 
the coming years will be 
a period of _ glorious 
achievement, progress 
crowned by success, and 
the material rewards that 
go with success. 


Glenn Curtiss, Orville 
Wright, the pioneers in 
flying—the men who had 
the remarkable insizht 
and genius to perfect a 
heavier - than-air flying 
machine, are now the 
honored leaders in this 
new industry which seems 
to have sprung up over 
night. Within five years 
after the conclusion of the 
war, the aeroplane will be 
as firmly established as the 
automobile is today. 

Students may enter our 
classes at any time. Write 
for further information, 
or come right to Detroit 
and start at once. 


MICHIGAN STATE AUTO SCHOOL 


AUTOMOBILES—TRUCKS—TRACTORS—AEROPLANES 


The “Old Reliable’? School 


A. G. Zeller, President 


1772 Auto Bldg., 687-691 Woodward Ave., Detroit, Mich., U. S. A. 
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Model T. T., 90 h. p. Training Tractor 





WITTEMANN-LEWIS AIRCRAFT COMPANY 








Lincoln Highway Newark, N. J. 
Near Passaic River Telephone Market 9096 











WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 


MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 
EDGEWATER, N. J. 
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Tuomas-Morse Aircrarr Corporarion 


ITHACA o N.Y. 


U.S.A. 


Contractors to U. S. Government 


























Aeroplane Company 


Jamaica Plain Boston 























The 
Lanzius 
Variable 
Speed 


Aeroplane 


Executive Offices 608-609-610 Singer 
Building, 149 Broadway, New York City. 
Telephones 6710-6711 Cortlandt. 


Lanzius Aircraft Company 
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a counterbalanced aviation 
crankshaft.... 


one of the |8 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 55,518 Counterbalanced Crankshafts to October 31, 1917 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 








Aluminum Company of America 
PITTSBURGH, PA. 


Manufacturers of Aluminum 


Ingot, Sheet, Tubing,fWire, 
Rod, Rivets, Moulding 


General Sales Office, 2400 Oliver Bldg., Pittsburgh, Pa. 
Branch Offices: 





Mics neeneccesecongeeeses 131 State Street fare 120 Broadway 

BED nce scecscces 1500 Westminster Building Philadelphia...... 1216-1218 Widener Building 
« N “14: Is 9 sse0recescnas 1112 Granite Building 

anes meet 4 4 sar meee aren San Francisco (Pierson, Roeding & Co., Agents) 

Di cbuibessssonbndbed 1512 Ford Building 731 Rialto Building 

Kansas City........... 308 R. A. Long Building Seattle (Pierson, Roeding & Co., Agents) 

Los Angeles (Pierson, Roeding & Co., Agents) 523 Colman Building 


494 Pacific Electric Building Washington. . .509 Metropolitan Bank Building 


S end inquiries regarding aluminum in any form to nearest Branch Office, or to General Sales Office 
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: The Taft-Peirce plant is one of the oldest and the most ex- development of aeronautical engines, light machinery parts and 
tensive “contract-shops” in the United States. It has been special tools. 
identified with the evolution and initial production of many The advantage of such experience is at the command of con- 


mechanical developments, each marking a new era in the sphere cerns whose present production might be materially improved 
of human progress—such as the sewing machine, the typesetting or increased by proper co-ordination. 

machine, the typewriter, the adding machine, the motorcycle and 
the automobile. 


Today it is the largest and best equipped organization of its 
class in this country for work of the character necessary in the 








2003 


CRANKSHAPTS, Etce., Will Be Put in Running 
Balance in My Recently Organized 







aboratory of [Dynamic alance 























Centrally Located in This City 
ll. 


All work guaranteed and done an my latest Balancing Apparatus. It appears that 
a great deal of misinformation is now being circulated with respect to the would-be 
simplicity with which, for instance, a six throw shaft can be balanced, by some 
self-appointed experts. Let me have a shaft balanced in this manner and I will 
explain the correct way of balancing such a shaft. 























N. W. AKIMOFF. Builder of Dynamic Balancing Machinery 


Office: HARRISON BUILDING, PHILADELPHIA 
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“Usco 99 
NuMBER 72 


THE STANDARD 
KITE BALLOON Fapric 


oF AMERICA 





A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB- 
BER. 


THIS FABRIC HAS BEEN DE- 
VELOPED FROM YEARS OF 
LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 


STRONG 
Gas- TIGHT 
NEuTRAL, INvisIBLE CoLor 
Wirustanps ALL WEATHER 


ConDITIONS 
AND Aces WELL 





MADE BY THE 
WORLD’S LARGEST RUBBER COMPANY 


UNITED STATES RUBBER COMPANY 
NEW YORK 








IPINOIPIEILILIERRS 





PECIALLY designed 
Sx constructed to 
meet the requirements 
of your power plant. 


Duplicate the propeller that 
gives you the best results. 
Send us your blades and 
we will duplicate them. 








Inquiries Solicited 





HARRIMAN AIRCRAFT MOTORS CO. 
SOUTH GLASTONBURY, CONN. 














Castings 


Aluminum, Bronze, Brass 


Etc. 


Contractors to 
large ship and 
engine builders 


Quick Deliveries 





J. J. MYERS 


Successor to Hynes & Myers 
458 EAST TENTH STREET 
NEW YORK 
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(Ce iene D 
TURNBUCKLES 


of the 


Highest Quality 


Bolts and Nuts 


to Satisfy the Most 
Exacting Requirements 


Standard Screw Co. 


(of Pennsylvania) 


CORRY, PA. 
New York Office: Woolworth Building 


AED 











ERIE SPECIALTY COMPANY 
MANUFACTURERS 
OF 


Aircraft Metal Parts 





in conformity with the standards 
adopted by the International 
Standardization Committee. 


ERIE STANDARD 





Guarantees Perfect Workmanship 


ERIE SPECIALTY COMPANY 
Offices: 25 PINE STREET, New York 


Factory: Erie, Pennsylvania. 








——_UA-FORGINGS HAVE BEEN TESTED IN BATTLE 


AVIATION 


oe F. 


E have the 
WW most complete 
equipment in 
America for the manu- 
facture of parts for 
J] N 4 types of. air- 


planes. 


For three years we have 
made parts for the larg- 
est airplane builders on 
the Western Continent. 


FORGING 
MACHINING 
POLISHING 
NICKLING 


Send us your blue prints 
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IT PAYS TO 
CONCENTRATE 
YOUR PURCHASES 


IN THIS 1200-PAGE (9 x 12 IN.) CATALOG WE SHOW 
A COMPLETE LINE OF 


SMALL TOOLS 
GENERAL HARDWARE 
AND SUPPLIES 


It is full of items requisitioned every day in every large factory, 
many of which are sometimes difficult to locate. 

If you appreciate the advantages of concentrating your purchases 
in this line you should write today for a copy of this catalog. 
Please mention catalog No. 106. 


NEW YORK, SINCE 1848 





HAMMACHER, SCHLEMMER & Co. 


Fourth Avenue and 13th Street 








MICHIGAN 
AIRCRAFT COMPANY 


Builders of All Types of Land and Water 
Machines for Military and 
sporting purposes. 


Complete machines as well as pon- 
toons, flying boat Hulls, wings and 
controlling surfaces built to order. 


Manufacturers of aeronautical acces- 
sories and safety dual control steering 
apparatus for training machines. 


Michigan 











Blackhawk 


Airplane 
Company 





Manufacturers of Airplanes 
and Airplane Parts 





DAVENPORT, IOWA 
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REG.U. S. PAT. OFF. 


Craftsman Quality 
For Airplane Upholstery 


Approved by Uncle Sam and being used on thousands 
of his war machines. 


Other Suitable Qualities Furnished 


Fabrikoid meets every requirement of Beauty, Serv- 


ice and Economy. 
It is water, grease, stain proof and washable— 
Promptly available in any quantity. 





Let Us Send Samples and Quote Prices 


DU PONT FABRIKOID CO., Inc. 


Wilmington, Del. Toronto, Canada. 
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Aeroplane 
Lumber 
Specialists 


Alaska Spruce 
Black Walnut 


Tough White Ash 


CHETHAM LUMBER CO., Inc. 
15 William Street New York 


Telephone, Hanover 6028 


























“an” 


WHERE LARGE PRODUCTION 
CONVERGES WITH THE MOST 
RIGID STANDARDS OF 
QUALITY AND EFFICIENCY 








q Du Pont facilities and capacity can be de- 
pended upon to keep pace with the increased 
demands of the airplane industry. 


q Du Pont technical skill and experience will 
insure strict maintenance of the quality that has 
made DU PONT DOPE the standard for airplane 


surfaces. 


Du Pont Chemical Works 


E. I. du Pont de Nemours & Co., Owner 
120 Broadway New York 














Factors of Safety 


These Count in Aeroplane Construction 





NON-INFLAMMABLE 


Cellulose Acetate Base 


Gelestron Cloth Yamnishes 


provide another SAFETY FACTOR 





NON-INFLAMMABLE 


Celestion oheets «° Films 


Transparent — Waterproof 


MANUFACTURED BY 
Chemical Products Company 


93 Broad Street Boston, U.S. A. 
Manufacturers of Cellulose Acetate for nearly 15 years 
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IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


Indian Motocycle 


‘With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. 


We will be pleased to arrange demonstrations of all Indian 
models for interested military officials. 


Illustrated Indian Catalog and other de 
scri plive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 


(Largest Motorcycle Manufacturers in the World))| 


859 STATE ST. SPRINGFIELD, MASSACHUSETTS 





December , Ir 




























Yale Triplex 
Block Lifting 
Motors 


Yale Hoists the Friend of Labor 


o better method for increasing the productive efficiency 
of highly paid labor can be found than the use of the Yale 
Triplex Block to facilitate the rapid, safe and economical 


handling of loads 

The Yale Triplex Block also increases output by cutting 
down non-productive time of machines Rough material is 
quickly set and finished product safely and expeditiously 
removed 

The Yale Triplex Block is adaptable to every industry 
where the efficient handling of loads is a factor. Made in | 


capacities %-ton to 40 tons—each block is tested to 3360 
pounds for each rated ton. 
For sale by Machinery Supply Houses 
Put your hoisting problems up to us. 
ASK FOR NEW CATALOG. 


For factory tocking equipment use a Yale 
Master-key System. Write us for particulars. 


The Yale & Towne Mfg. Co. 


9 East 40th Street New York City 














“THE TANDEM BIPLANE” 








INHERENT LONGI- 
TUDINAL STABILITY 








Richardson Aeroplane Corporation, Inc. 


New Orleans, La. 








Heavy Elastic Aviation Cord | 


We manufacture a full and complete | 
line of heavy elastic aviation cord. 
We are the originators and the 
largest manufacturers in the world 
of heavy elastic cord. 


hy 














Standard H-3 eq 


ipped with our cord 





J. W. WOOD ELASTIC WEB CO. 
STOUGHTON, MASS. 
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“Flexo” Aero 


RADIATORS 


The only The only 

core that core that 

will stand can be so 

severe bent 

landing without 

shocks. injury to 
the metal 

No sharp or soldered 

corners joints. 

to cry# 

tallize 

through 

vibration. 





“FLEXO”—PATENTED 


FLEXO MANUFACTURING CO. 


1312-1320 E. 12th STREET LOS ANGELES, OAL. 





ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 
Rome, ‘N. Y., U. S. A. 














PUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 





Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 


equipment of Eng- : 
lish Government 


Warplanes. 








SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 




















AJAX 
Auto and Aero 
Sheet Metal Co. 


Manufacturers 
and — 


AERO 
RADIATORS 
INTAKE 


EXHAUST PIPES 


H. W. MEYER 
New York 
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No. 2B PLAIN MILLER 


Single Pulley Drive 


12 changes to spindle speeds No. 9 taper in spindle. 
6 changes to each spindle speed Table 8} x 37" 


Hardened machine steel gears throughout insure 
maximum driving power at all speeds 


We also build Universal Millers, Dividing Heads, 


Vertical Attachments and Vises. 


Write for Circular 


THE FOX MACHINE COMPANY 


1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 


IT’S MEETING THE AEROPLANE 
PROPELLER PROBLEM 


Everywhere, throughout the allied nations, the Defiance No, ¢ 
Aeroplane Propeller Turning Lathe is meeting the Aeroplan | 
propeller problem. Installations by the United States Govyep. 4 
ment, England, and leading aeroplane propeller manufacty 

Stand to endorse this machine as the most practical] and 
economical method in use today. 


DEFIANCE AEROPLANE PROPELLER} 
TURNING LATHE | 


is a high productive machine, and will keep pace with present 
day requirements either in output, accuracy, or production cog, 
Each machine in operation takes the place of eight to ten skilleg 






| 






workmen. With one man operating a number of machines the 
wage item is cut to little or no consideration, all of which jg } 
added to profits. This machine will turn aeroplane propelle | 
blades of any size—to any shape or pitch—and leaves but the ff 
final finishing to be done by hand. It will duplicate Struts, as 
well as propellers, of irregular shape to exactness, 





tn illustrated and descriptive circular of 
vis machine will be mailed on request. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 
NEW YORK CITY LONDON, ENGLAND 














“DALTON SIX” 


In the Manufacture 
° of Aeroplanes or the 
many small parts 
comprising a Unit 


“Dalton Six” 


is indispensable. 

Furnished for 
English or Metric 
Thread Cutting. 

One Manufacturer 
of fine instruments 
for aeroplanes now 
has 


(36) “DALTON SIXES” Installed 
Why Not Investigate? 
BULLETIN B602C GIVES DETAILS 





Dalton Manufacturing Corp. 
Successors to Dalton Mach. Co., Inc. 


1911 Park Avenue New York, U. S. A. 














Fahrig Anti-Friction Meta 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO., 34 Commerce St., NI. 
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ANE AEROPLANE FIR 
se. WE HAVE SUPPLIED A LARGE QUANTITY OF 

‘oe DOUGLAS FIR FOR AEROPLANE PURPOSES. 


We have on hand at POUGHKEEPSIE a limited amount 
of SILVER SPRUCE for quick inspection and delivery. 


= A. C. DUTTON LUMBER CORPORATION 





skilled Mills General Sales Department Wharves, Warehouses 
hich «| SOUTH BEND, WASH. SPRINGFIELD, MASS. and Storage Yards 
opel TACOMA, WASH. POUGHKEEPSIE, N. Y. 
uts, ag f 








" ACIERAL METAL 


Light as Aluminum Strong as Steel 


| Non-corrosive by salt water 





, CASTINGS RODS SHEETS 
Prompt Deliveries 
| ACIEFRAL CO. OF AMERICA 
KS a Ceatiande Street oe Street 
oil NEW YORK CITY NEWARK, N. J. 











a FOXBORO 


TRACE MARK 


QUALITY INSTRUMENTS FOR AIRPLANES 


cet : ee, ee 
% Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 
The Foxl line also includes many different types of indicating and recording 
jauges and thern lesii f ull sori f conditions 1 purposes. 
THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New Yor ( 1 PITTSRUR I I 


I a LO 1 
San FRANCISCO BIRMINGHAM, ALABAMA Peacock Bros., Mo 








McADAMITE-ALUMINUM COMPANY 


57-83 Isabella Ave. DETROIT, MICH. 


Highest-Grade—Strongest 


ALUMINUM CASTINGS 


Tensile strength....... 44,250 Ibs. Sq. In. LARGE CAPACITY 
Compression .......... he hlUC CU PLANT 
co re —" - * 

errr nee 66,300 “ 


Fusing Point.......... 1040 Degrees F Quick Deliveries Guaranteed 

















SOMEWHERE IN AMERICA 


At Any Aviation Camp 
You Will Find the 


Christensen Self Starter 


DOING ITS BIT 


Starting Aeroplane Motors 
by the Mere Touch of 
a Button 


It has never shirked but 
is always ready and reliable 


WRITE TO 


The Christensen Engineering Co. 


Milwaukee, Wisconsin 
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PHOTOGRAPHIC TESTING DEPARTMENT OF 
CAMERAS 


THE BROCK 
AUTOMATIC CAMERAS 


are the only cameras that make good negatives | 


with shutter speeds of 1/1ooth of a second or 
less at speeds of over 100 miles per hour. 


ARTHUR BROCK, JR. 


OFFICE—511 Bullitt Building, 131 South Fourth Street 
FACTORY—533 North Eleventh Street 
PHILADELPHIA, PA. 


Scientific Instruments, Tools, Dies, Jigs and Fixtures 


Factory occupies 23,000 square feet of floor space 
Screw Machine Capacity up to 2% inches 




















= 
Radium Luminous 
Material 


SHINES IN THE DARK 


SELF-LUMINOUS INNUMERABLE USES 
REQUIRES NO IN ITS ORIGINAL 
MAINTENANCE OVER POWDERED FORM 
A PERIOD OF OR APPLIED WITH 
YEARS ADHESIVE 


A SAFETY DEVICE FOR WAR 
ON 


MAOHINE GUN, PISTOL AND RIFLE 
SIGHTS ; RANGE SCALES; AUTOMATIO 
TELEPHONES; WIRELESS APPARATUS; 
NAVIGATING INSTRUMENTS OF ALL FLY- 
ING AND SAILING CRAFT; DECK CLOCKS; 
WRIST, STOP AND POCKET WATCHES; 
SIGNALS; PLOTTING BOARDS; ETC. 


Radium Luminous Material Corporation 
Fifty Five Liberty Street New York City 























WESTMOORE 
SPLITLESS 
PROPELLER 


(Patent Pending) 


Built for high power motors 
Water proof and heat proof 


QUANTITY PRODUCTION 


WRITE FOR INFORMATION 
Address Aircraft Department 


WEST WOODWORKING COMPANY 
308-324 N. Ada Street Chicago 


Cable address ““SWESCO” 


Cabinet makers with over thirty years’ successful 
business behind them 
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STIMPSON~—— 6x6 METS 


BRASS—WHITE METAL—COPPER 









WASHERS 
METAL SPECIALTIES 


“FRANKLIN AVENUE MADETOORDER BROOKLYN, NEW-YORK 








ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors $3 Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 








DEWEY AEROPLANE COMPANY 


BUILDERS 


Military Tractors and Exhibition Looping Machines 


DELIVERIES UPON SHORT NOTICE 


Special mechanical course valuable for the student The art of flying taught by licenced instructors in 
that wishes to learn mechanical construction. of military tractors using dep control only. Flying 
airplaines and motors. Position in factory guar- field 3 miles x 1 mile. Level asa floor. Can fly 
anteed after completing the mechanical course. the year round. Living conditions very normal. 


WRITE TODAY FOR PARTICULARS 


DEWEY AEROPLANE COMPANY, Dewey, Okla. 











DROP FORGINGS 
| 


THE WHITMAN & BARNES MANUFACTURING CO. 














ESTABLISHED 63 YEARS 
1000 WEST 120th STREET, CHICAGO, ILL. | 
— eee 
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Mattison Machine Works 


Automatic Machinery 


for making 


Propeller Blades, Struts, Etc. 


Write for full particulars 








8 6 3 ree 2 < 7-21. n & BT 


Beloit, Wisconsin, U.S. A. 





Rubber Aero Cord 


FOR SHOCK ABSORBERS 


Prompt Delivery 


THE RUSSELL MANUFACTURING (0, 
349 Broadway, New York City 


Factories: 











PROPELLERS 


MIDDLETOWN CONNECTIcyy| 








C. A. Herrmann} 


DESIGN AND CONSTRUCTION 


Covering All Branches of Aviation 








) fo me 2 Bath, N. Y. 
AEROPLANE Automotive 


RIMS and WHEELS 


Made by the oldest and best known 
steel rim and wire wheel makers in 
America. 





Quotations gladly furnished. 


The MOTT WHEEL WORKS 
Utica, N. Y. 








Engineering Company | 
CONSULTING AERONAUTICAL ENGINEERS 


AEROPLANE and MOTOR 
DESIGN and DEVELOPMENT 
AIRCRAFT FACTORY LAYOUT 
ECONOMIC PRODUCTION PROCESSES 


120 S. State Street Chicago, [lino 




















AIR-SCREWS 
PROVEN PROFICIENCY 


Detatled information upon request 


BUFFALO AEROPLANE CORP. 





BUFFALO, N. Y. U.S.A. 
Cable Address, ‘‘BUFFAIRO” 





Dece 


—_— 
—_——— 


| |{ 
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PASCO 


Wire Wheels For 
AIRPLANES 


USED ON THE BEST 


ORDERS NOW BEING TAKEN FOR 
PROMPT DELIVERIES 
WRITE FOR PRICES 
National Wire Wheel Works, Inc. 


GENEVA, NEw YorK 











U. S. and Foreign Governments 
Approve The “Perfect Starter” 


This is a compressed air starter conv ertible to an air pi 
pressor for storing the air for its own energy. It has ample 
power and speed for magneto starting. 

Model C—For starting engines up 
to 250 H.P.; weighs 39 lbs. and com- 
plete for singie engine installation 
70 lbs., for twin engines 110 lbs. 
Model D—For starting engines up 
to 150 H.P.; weighs 34 Ibs. and com- 
plete for single engine installation 
58 lbs., for twin engines 96 Ibs. 


Write for Booklet 


THE MOTOR-COMPRESSOR CO. 
Newark, New Jersey, U.S. A. 


Model C 








‘PONTOONS 


and 
FLYING BOAT HULLS 


Built from your designs 
or from ours 


Palmer-Simpson Corp. 
Saranac Lake, N. Y. 


DON’T SCRAP ALoneS PRRTS 


Save them with 


SO-LUMINUM 


new great “3 in 1” brazing, 
welding and soldering com- 
pound, stronger than aluminum 
or its alloys. A perfect substi- 
tute for acetylene welding in 
one-quarter time and cost. Use 
gasoline torch or gas blower. 


No flux. Booklet on request. 
Sample bar, $1.00. Used by the 
United States Army and Navy, auto 
and aero. companies, and indorsed 
by the British Munitions Board. 


SO-LUMINUM MFG. & ENG. CO., Inc. 
Reom 25, 1790 Broadway = New York City 














Wood Working 
Machinery 


ADAPTED FOR 


Aeroplane Builders 


Distributors of 


The PHERCULESS Line 


MACHINERY MERCHANTS 
ncorporated 
50 Church Street New York 





American Automotive Company 


Manufacturers 


Aeroplanes and Hydro-Aeroplanes 








FOURTH AND WATER STREETS 
GLOUCESTER, N. J. 


Request catalogs and prices from all 
manufacturers in regard to parts that 
will meet U. S. Govt. requirements. 











Cellulose Acetate Dope 
No. 101 


Approved by U. S. Government 











Mfgd. by 


PERRY. AUSTEN MFG. CO. 


Grasmere, Staten Island, New York, U. S. A. 
Post Office, ROSEBANK, N. Y. 


eo 


Manufacturers Acetate and Nitrate Dopes 














The Beam Airplane Company 


(INCORPORATED) 


Announce that they are in a position to accept a 
few students in their Aviation School. 


CURTISS and EUROPEAN MOTORS 
TRACTOR and PUSHER MACHINES 
CONSTRUCTION EXPERIENCE 

FEES and LIVING EXPENSES REASONABLE 
NO CHARGE FOR BREAKAGE 


Correspondence Invited 


THE BEAM AIRPLANE COMPANY 
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INTERNAL STAMPINGS ‘Tools WOOD WORKING MACHINERY 


E realize in air or at sea there should be no 
W ium material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL CO. 


LANSING, MICHIGAN 








—_—__! 





SPECIALLY ADAPTED 





FOR 


Aeroplane Factorig, 








Write for information catalogue No, 97 


OLNEY & WARRIN 


406-412 Broome Street 
NEW YORK, Ny, 


| 


Tel. Spring 4425 








BALL ANDROLLER BEARINGS 


ALL TYPES 


SOLE DISTRIBUTORS FOR THE UNITED STATE OF 


The BOWDEN PATENT WIRE MECHANISM 


(BOWDEN WIRE LTD., LONDON) 
\The Perfect Device for Controls on 


AIRCRAFT 


and All Motor Propelled Vehicles 


THE GWILLIAM COMPANY 


ENGINEERS 
MECHANICAL SPECIALTIES 


253 W. 58th St. (at Broadway), New York, U. S.A. 








METAL HOSE | 


For every Airplane Requiremen 





Write for specifications and prices 





PENNSYLVANIA FLEXIBLE METALLIC 
TUBING COMPANY 
Broad and Race Sts., Philadelphia 
Boston 






New York Chicago Detroit Clevelan 











ROEBLING 
AIRCRAFT WIRE- 
STRAND AND 
CORD 













THIMBLES 
AND FERRULES 


MADE BY 


John A. Roebling’s Sons Company 


TRENTON, NEW JERSEY, U. 8. A. 











Oil Proof—Gasoline Proof 
Water Proof 
VELLUMOID GASKETS 
Tough—Compressible—Flexible 


If you are not familiar with Vellu- 
moid have us send you samples— 
either sheet or gaskets cut as per your 
blue prints. 


Expert Gasket Cutting department. 


Fibre Finishing Co., 27 State St., Boston 


Quick service 





VENEERED PANEL} 


(POR tuum ania urmmemoan 


AIRPLANE and HYDROPLANE 
CONSTRUCTION 


Send for Samples Chemically Treated Which Incream 


WATERPROOFNESS 
NEW JERSEY VENEER CO.., Paterson, Wi. 


Teiephone, 3620 Paterson 


























LEYGRAND &C0 


120 Broadway, New York 
MILL AGENTS 


ALUMINUM SHEET! 
Screw Stock, Rod and Wire 
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Duesenberg Motors Corporation designs and builds 
high speed, high powered motors for Automobiles, 
Motor Boats and Aeroplanes. Write for full details. 


DUESENBERG MOTORS CORPORATION, 120 Broadway, New York 




















DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


DOEHLER DIE-CASTING Co, 
WESTERN PLANT BROOKLYN.N.Y. NEW JERSEY PLANT 
TOLEDO.OHIO. NEWARK. N.J. 


Alse Die-Cast Babbitt Bearings, Die-Castings in 
Brass & Bronze Aluminum and White Metal Alloys 









Aviation Service 
PRATT INSTITUTE 


RYERSON STREET BrooKktyn, New York 
will instruct candidates in the Princi- 
ples and Practice of Gasoline Engine 
Operation, to prepare for admission to 
Government Aviation Schools. Even- 
ing and day classes. 


APPLY AT ONCE FOR INFORMATION 
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ZSCONMST 
PU APL) -V pom (Os KO) PRY 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. 








Aeroplane Cylinder Forgings 


We make a specialty of hollow forging in dies 
under our hydraulic presses, aeroplane cylinder forg- 
ings of high and low carbon O.H. or alloy steels. 


We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


AlsoPropellerHubs, Flanges and Shafts, etc. 


Miscellaneous steam hammer and hy- 
draulic press die forgings of all types. 


Quick service our specialty 


TIOGA STEEL & IRON COMPANY 
52nd & Grays Avenue Philadelphia, Pa., U. S. A. 















All recognized builders 
of airplane motors in 
America use Zenith on 
their product. 
Zenith Carburetor 
Company 
DETROIT 


New York Uhicage 
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Classified Advertising 


10 cents a word, minimum charge $2.00, , gaveme in advance. Address replies to advertisements with box numbers, care of 


West 832d Street, New York. 








LICENSED PILOT, American, first class mechanician with 
exceptional flying experience desires position as instructor or 
tester. Willing to conduct experimental work—go anywhere. 
Address Box 62 

OST at present engaged, is prepared 
to undertake the organization of an airplane plant. Equip- 
ment, production and operation plans available, also staff ex- 
perienced assistants. Address Box 91. 











HIGH CLASS EXECUTIVE open for engagement; organizer, 
administrator, engineer and chemist with wide factory and busi- 
ess experience; especially successful handling men. Volun- 
tarily closing poeuent successful engagement for wider field. 
Address Box & 


ENGINEER, practical and technical, experienced in test, 
experimental and design aero motors, open for executive posi- 
tion only. Highest credentials. Address Box 77. 


AERONAUTICAL ENGINEER and designer, M. E., five 
years’ experience flying, shops and designing, is open for posi- 
tion with reliable concern. Address Box 75. 


FOR SALE—90-hp. Curtiss motor, $1000. New 50 
motor, $400. 45 Maximotor, $300. New seaplane, $900. 
parts stock, $1000. Address 986 Trumbull, Detroit, Mich. 








Maxi- 
$4000 








LICENSED AVIATOR, with considerable flying experience, 
both land and water machines, desires position as instructor or 
demonstrator. Address Rox No. 45. 




















AVIATION AND AERONAUTICAL ENGINEERING will furnish information and addresses of 


AVIATION 
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Aeronautical Trade Directory 


Advertisers in this issue are printed in heavy face type. 


ACETYLENE WELDING AND 
CUTTING 


Davis-Bournonville Co. 
Searchlight Co. 


ACCESSORIES AND INSTRU- 
MENTS 


DuVivier, Earnest J. 
Moto-Meter, The, Co. 

ry Gyroscope Co. 
Standard Aeronautical Co. 
Taylor Instrument Companies 


AIRPLANES 
Aeromarine Sales and Engineering 


American Automotive Co. 
Automotive Engin « Co. 
Bates Aeroplane Co. 

Boeing Airplane Co. 

Burgess Co., The 

California Aviation Co. 
Curtiss Aeroplane and Motor Corp. 
Dayton Wright Airplane Co. 
Des Lauriers Aircraft Corp. 
Dewey Aeroplane Co. 

Fisher Body Corp. 

Flint Aircraft Co. 

Fowler Airplane Corp. 
Gallaudet Aircraft Corp. 
Heinrich, The A. 8S. Corp. 
Herrmann, Chas. A. 

L. W. F. Engineering Co. 
Lanzius Aircraft Co. 
Lawrence-Lewis Aeroplane Co. 
Lawson Aircraft Co. 

Lewis & Vought Corp. 
Longren Airplane Co. 
Michigan Aircraft Corp. 
Ordnance Eng. Corp. 
Richardson Aeroplane Corp., Inc. 
Smith, Kyle, Aircraft Co. 
Springfield Airplane Co. 
Standard Aero Corp. 
Sturtevant Aeroplane Co. 
Thomas-Morse Aircraft Corp. 
Walden-Hinners Co. 
Whitehead Aircraft, Lid. 
Wittemann-Lewis Aircraft Co. 
Wright-Martin Aircraft Corp. 


AIRPLANE ENGINES 
Aeromarine Piane and Motor Ce. 
Automotive Engineering Co. 
Bournonville Motors Corp 
Curtiss Aeroplane and Motor Corp. 
Duesenberg Motors Corp. 
General Ordnance Co. 
General Vehicle Co. 
Hall-Scott Motor Car Co. 
Harriman Aircraft Motors Co. 
Knox Motors Co. 

Maximotor Co. 

Miller, Harry A., Mfg. Co. 
Orlo Motor Co. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 
Sterling Engine Co. 
Sturtevant, B. F., Co. 
Thomas-Morse Aircraft Corp. 
Union Gas Engine Co. 
Wisconsin Motor Mfg. Co. 
World's Motor Co. 
Wright-Martin Aircraft Oorp. 


ATRPLANE PARTS 

Auto-Aero Sheet Metal Co. 

Barcalo Mfg. Co. 

Century Telephone Construction 
Co. 

Erle Specialty Co. 

Levett, Walker M. Co. 

New Jersey Veneer Co. 

Pressed & Welded Steel Prod. Co. 

Rogers Construction Co. 

Standard Parts Co. 


ALUMINUM 

Acieral Co. of America 

Aluminum Castings Co. 

Aluminum Co. of America 

American Metal Co., Ltd. 

Leygrand & Co. 

McAdamite-Aluminum Co. 

So-Luminum Mfg. & Eng. Co. 
(Solder) 

United Smelting & Aluminum Co. 


AVIATION SCHOOLS 

_ tic Coast Aeronautical Sta- 
tion 

Beam School of Aviation 

Curtiss Training Schools 

Hydroaercraft Co. 

Michigan State Auto School 

Moler Aviation Instructcrs 

Stinson School of Aviativn 

West Side Y. M. C. A. 


BALL BEARINGS 
Gurney Ball =e Co. 
Gwilliam Oo., 
Hess-Bright Mis. Co 

New Departure Mfg. Co. 


Norma Company of America. 
S. K. F Ball Bearing Co. 
U. S. Ball Bearing Mfg. Co. 


BALLOONS; DIRIGIBLES 


Connecticut Aircraft Co. 

Custer Specialty Co. (Statoscope) 

Gas Engineering Co, (Gas Plants) 

Goodyear Tire and Rubber Co. 

United States Rubber Co. 

BAROGRAPHS AND BA- 
ROMETERS 

Green, Henry J. 

Haustetter, A. 

Sussfield & Lorch 

Taylor Instrument Companies 

BEARING METALS 

American Bronze Co. 

Fahrig Metal Co. 

Levett, Walker M. Co. 


Myers, J. J. 

BUSHINGS 

Bound Brook Oil-Less Bearing Co. 
CARBURETORS 


Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Schebler 

Zenith Carburetor Co. 
CLOCKS AND WATCHES 
Chelsea Clock Co. 

Depollier, J., & Son 

Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Rogers, Peet & Co. 
Sanders Co. 
Spalding, A. G., 


COMPASSES 


Sperry Gyroscope Co. 
Taylor Instrument Companies 


DOPE AND VARNISH 
Adams & Elting Co. 
American Emaillite Co. 
Chemical Products Co. 
Conover, The C. E., Co. 
DuPont Chemical Works 
Flexible Compound Co. 
National Aeroplane Co. 
Perry-Austen Co. 

Pratt & Lambert 
Standard Varnish Works 
Valentine & Co. 

Weeks & Co. 


DRIFT INDICATOR 
Sperry Gyroscope Co. 

DRY KILNS 

Cutler Dry Kiln Co. 

Grand Rapids Veneer Works 


DYNAMOMETER 
Sprague Electric Works 


ENGINE PARTS 
Akimoff, N. W. 

Allegheny verging Co. 
Barcalo Mfg. 

Burd High eteieeestes Ring Co. 
Dallet, Thos. H. Co. 
Doehler Die Casting Co. 
Erie Specialty Co. 

Fibre Finishing Co. 
Gifford, Leland Co. 

Gill, P. H., & Sons 
Hydraulic Pressed Steel Co. 
Levett, Walker M., . 
Park Drop Forge Co. 
Standard Parts Co. 
Taft-Peirce Mfg. Co. 

Tioga Steel & Iron Co. 
Williams, J. H., & Co 
Whitman & Barnes Mfg. Co. 
Wyman-Gordon Co. 


ENGINEERING 

Automotive Engineering Co. 
Ordnance Engineering Co. 
White, J. G., Engineering Corp. 
FABRICS 

Courtrail Mfg. Co. 

Lamb, Finlay & Co. 

McBratney, Robt, & Pe 
Whitman, Clarence 

FIRE EXTINGUISHERS 
Fyr-Fyter Co., The 
Johns-Manville Co., 
Pyrene Mfg. Co 
GAGES 

Boston Auto Gage Co. 

Crosby Steam Gage & Valve Co. 
Foxbere Co., Inc. 

United States Gage Co. 
GASKETS 

Fibre Finishing Co. 

GLUE 

Ferdinand, L. W., & Ce. 
Baeder & Adamson. 


& Bros. 


H. W. 


GOGGLES 

Strauss & Buegeleisen 
Strong, Kennard & Nutt 
HOISTS 

Yale & Towne Mfg. Co. 
HANGARS 


American Bridge Co. 

Anchor Corrugating Constr. Co. 
Ashley Steel Bldg. Co. 

Austin Co., The 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 

Milliken Bros. 

Pruden, C. D. Co. 

Virginia Bridge & Iron Co. 
LIFE PRESERVERS 


Universal Safety Mattress Co. 


LUMBER 

Alcock Co., John L. 
American Balsa Corp. 
Chetham Lumber Co. 
Delatour, J. 

Dutton, A. C. Lbr. Corp. 
Ludlow, Israel 

Mengel. C. C.. & Bros. Co. 
LUMINOUS COMPOUND 


Cold Light =. Co. 

Cummings, 4, Chem, Co. 
Radium Dial Co 

Radium L uminous Material Corp. 


MACHINERY, METAL WORK- 


ING 
Dalton Mfg. —_ . 
Warner & Swasey 


MACHINERY, Woop WORK- 


ING 
Defiance Machine Works 
Fox Machine Co. 
Machinery Merchants, Inc. 
Mattison, C. E., Machine Works 
Olney & Warrin 
MANIFOLDS 


Ajax Auto & Aero Sheet Metal Co. 


MAGNETOS 

Bosch Magneto Co. 
Berkshire Magneto Corp. 
Ericsson Mfg. Co. 

Remy Electric Co, 
Splitdorf Electrical Co. 
METALS 

Acieral Co. of America 
American Vanadium Co. 
Bethlehem Steel Co. 
Detroit Pressed Steel Co. 
Federal Pressed Stee! Co 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
Levett, Walker M. Co. 
Myers, J. J. 

So-Luminum Mfg. Co. 
MODEL AIRPLANES 
Ideal Aeroplane Supply Ce 
Wading River Mfg. Co. 


MOTORCYCLES 
Hendee Mfg. Co. 
OILS AND LUBRICANTS 


Baker Castor Oil Co. 
Graphite Lubricant Co. 
Gulf Refining Co. 
Sheppard Ideal O!!] Co 
Standard Ol! Co. 
Swan & Finch 


Texas Co. 
Vacuum Oll Co. 
OIL PUMPS 


Wayne Ol] Tank & Pump Co. 
PACKING 

Fibre Finishing Co. 
PHOTOGRAPHY 

Brock, Arthur, Jr. 

Herbert & Huesgen Co 
PISTONS 

Levett. Walker M., Oo. 
PISTON RINGS 

American Piston Ring Co. 
PONTOONS 

Niagara Boat Co. 
Palmer-Simpson Corp. 

Welen Marine Equipment Co. 
PROPELLERS 

American Propeller & Mfg. Co. 
Buffalo Aeroplane Corp. 
Doyle, W. A. 

Harriman Aircraft Motors Co. 
Hazel Walnut Propeller Co. 


Lang Propele . 

United States Aero Propeller Co. 
West Woodworking Co. 
PYROMETERS 

Foxboro Oo., The, Inc. 

Shore Instrument & Mfg. Co 
Taylor Instrument Companies 








all companies listed below. Names of 


RADIATORS 

Ajax Auto & Aero Sheet M 
Bush Mfg. Co. otal Ce 
El Arco Radiators Co. 

English & Mersick Co. 

Flexo Mfg. Co. 

Livingston Radiator Co. 
Rome-Turney Radiator Co. 


RIVETS 
Stimpson, Edwin B. Co. 


SCLEROSCOPE 
Shore Instrument & Mfg. Ce, 


SHOCK ABSORBERS 
Dural Rubber Corp. 

General Rubber Co. 

Russell Mfg. Co. 

Wood, J. W. Elastic Web Co, 


SPARK PLUGS 
Champion Ignition Co. 
Johns-Manville Co., H. W, 
Pyro Ignition Co. 

Rajah Auto Supply Co. 
Splitdorf Electrical Co. 


SPEED INDICATORS 
Foxboro Co., The, Inc. 


Johns-Manville Co., H. W. 

Stewart Warner Speedomets 
Corp. 

STABILIZERS 


Greene Aeronautical Co. 
Martin Arodynamic Stabilizer. 


Sperry Gyroscope Co. 
STAMPINGS 
Lansing Stamping & Tool Co. 


STARTERS 

BRijur Motor Lighting Co. 

Christensen, The, 

Dayton Engineering Laboratoris 
Co. 

Motor Compressor Co. 

Northeast Electric Co. 

Wagner-Hoyt Electric Co. 


TACHOMETERS 
Johns-Manville Co., H. W. 
Nelson Blower & Furnace (Co. 
Queen-Gray Co. 

Stewart Warner Speedometer Con 
Veeder Mfg. Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 


Foxboro Co., The, Inc. 
Taylor Instrument Companies 


TIRES AND RUBBER 
Dural Rubber Corporation. 
Goodyear Tire & Rubber Oo. 
United States Rubber Co. 


TOOLS 
Browne & Sharpe 
Hall-Scott Motor Car Co. 
Hammacher, Schlemmer & (© 
Lansing Stamping & Tool Oe. 
TRUCKS AND TRAILERS 
Federal Motor Truck Co, 
Four Wheel Drive Auto Co. 
Nash Motors Co. 
Packard Motor Car Co. 
Sechler & Co., The 
Service Motor Truck Co 
White Co. 
TUBING 
Empire Art Metal Co. 
Frasse, Peter A., & Co. 
Pennsylvania Fiexible 
Tabi Co. 


bing 
TURNBUCKLES 
Dayton Metal Products Co. 
Erie Specialty Co. 
New York & Hagerstown Met#l 
Stamping Co. 
Standard Screw Co. 
WHEELS 
Ackerman Wheel Co, 
Mott Wheel Works 
National Wire Wheel Works 
Wire Wheel Corporation 
America. 


WIRE 


American Steel and Wire Co. 
Century Telephone Construetié 


Metallie 


0. 
Electric Cable Co. 
Roebling’s, John A., Sons 
Simplex Wire and Cable Ce. 


WIRELESS 

Amertean Radio & Research Ce? 
American Wireless Tel. Co. 
Cutting & Washington. 
Crecker-Wheeler Oe. 
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COUT-PLANES carry observers 
who locate masked batteries 
and map the country behind the 
enemy lines. Upon their safe return 
and the speed made may depend th 
lives of thousands. . 


And that safe return with speed is 
impossible without certainty of 
power production and transmission 
for the mounts driven by those 
observers’ pilots. 





The power of an airplane’s motor deter- 
mines its value; the continuity of that 
power, its dependability. 


aes : Hess-Bright Ball Bearings will increase 
Two-Direction Thrust Hess-Bright power through cutting friction down, and 


Ball Bearing of the Type used on : “2s 
Airplane Propeller Shaft Application assure its continuity through the excellence 
of their manufacture. 


HESS-BRIGHT’S CONRAD PATENTS Government orders largely specify Hess- 
ARE THOROUGHLY ADJUDICATED Brights. 









THE HESS-BRIGHT MANUFACTURING COMPANY 
PHILADELPHIA, PA. 


ere nd sedi wate bay hea ara te ute 
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THE WILLIAMS PRINTING COMPANY, NEW YORK 
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